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X-RAY OF DRUM WELD 


FIRTH BROWN 


ALLCY STEELMAKERS - FORGEMASTERS STEEL FOUNDERS - HEAVY ENGINEERS 
THOS FIRTH & JOHN BROWN LIMITED SHEFFIELD ENGLAND 
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This process, for producing from the lighter products 
of oil refineries, a clean fuel gas having the same inter- 
changeable characteristics as the normal town gas, is 
now available for the first time in this Country to a wide 
variety of industries. 

The improvement in furnace operating conditions 
and product quality alone could justify the installation 
of a Stein Atkinson M.S. plant, A wide range of unit 
size is possible. 


Here are some of the 
advantages of 
the M.S. process: — 


I.Completely automatic. 


2.Highly efficient 


and economical. 
3. Low capital cost. 
4. Low labour requirements. 
5. Clean sulphur-free gas. 


©, Controlled gas 


characteristics. 
Great flexibility. 


». No effluent problems. 


The $&A licence for supplying 
this plant covers all industries in 
the U.K. and Scandinavia, except 
for Gas Works and those posses- 
sing coke ovens and/or blast 
furnaces. 


[D. LONDON 
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_.bricks placed end to end 


the 


THISTLE 


35-37% ALUMINA 
Refractoriness Seger Cone 3! —1690°C 
Refractoriness-under-load SY, Deformation at 1490°C 
(28 Ibs. per sq. in.) 
After-Contractior 02% 
(2 hrs. at 1410°C) 


Please ask for copy of Pamphlet No. 1 describing our complete range of firebrick qualities. 


Bonnybridge, 
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The high reputation of SILIT Heating Rods 

for Electric Furnaces is of many years’ standing. 

They are remarkable for their limited amount of “ageing” 

which is amply covered by a voltage reserve 

of only 40% for temperatures up to 1500°C. 

A salient feature of the SILIT Heating Rods is that butt joints 
between the glowing portion and the connecting ends are avoided. 
The thickened ends are formed by tightly fitting sleeves 

made of the same material as the rods. 


A wide range of Silit Rods of equal diameter throughout 
can also be supplied, diameters ranging from ,"- 1}". 


Siemens-Schuckert 


Dept. $97 
FARADAY WORKS - GREAT WEST ROAD - BRENTFORD - MIDDX. 
Tel: /SLeworth 2231! Grams: Siemensdyn Brentford Telex No. 25337 


BIRMINGHAM: Tel. Midlands 2082. CARDIFF: Tel. Cardiff 72094. GLASGOW: Tel. Central 2635. 
MANCHESTER: Tel. Altrincham 5291. NEWCASTLE: Tel. Wallsend 68301. SHEFFIELD: Tel. 61564. 
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From I.C.I. AMMONIA- 


Nitrogen and Hydrogen 
for Industry 


1.C.1. Ammonia provides industry with a cheap 
and reliable source of pure nitrogen and 
hydrogen. And 1.C.1. gas generating plants are 
available to convert ammonia into a wide range 
of nitrogen hydrogen gas mixtures. 


Anhydrous Ammonia 

with a guaranteed minimum purity of 99.98%, 
to meet more exacting requirements, is 
offered in bulk and in a wide range of cylinder 
sizes. 


Liquefied Ammonia (/ndustria/ Quality), 
a cheaper grade, is available in bulk and in 
two-ton containers for the larger consumer, 
and makes possible substantial economies in 
gas costs. 


A bulk delivery of 10 tons of ammonia 
provides over 13 million cu. ft of nitrogen. 


Full information on request. 
IMPERIAL CHEMICAL INDUSTRIES LIMITED, 
LONDON, $.W.1. 


COMPLETE 
HEAT TREATMENT PLANT : 
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The illustration shows the Heat 
Treatment Plant we recently installed 
at Messrs. Crowborough 

Engineering Works Ltd. Aycliffe. 


The complete unit installation at Aycliffe consists of Hardening Furnace, two 


Tempering Furnaces, Water Quench Tank, Oil Quench Tank, Loading and 
Unloading Racks. The unit is serviced by a fully-automatic, centrally- 
located, electrically-operated crane. The two re-circulating Tempering 
Furnaces utilise the waste heat from the Hardening Furnace. Supplementary 


gas is automatically provided when necessary. 


Further details are available on enquiry to :— 


STERLING FURNACES LIMITED 


13, Marton Road, MIDDLESBROUGH 


Telephone : 43328. Telegrams : Sterling, Middlesbrough 
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No. 2 Thermocouple Alloys 


We have been making thermocouple alloys at Cheadle for many years. Our 
experience tells us what people look for and our alloys provide it—stability, 
constant EMF values and long life. 

Different temperature ranges call for different alloy combinations—and 
we provide them, including “T1 T2’, the only British-made base metal 
thermocouple for temperatures up to 1100°C. In cases where thermocouple 
wires are covered by a British Standard we produce them to 
conform to the Standard. 

Accurate temperature measurement and control is something that 
cannot be left to chance. It is best left to Driver-Harris thermocouple alloys. 


T1/T2 are wires of the nickel-chromium’ Special Advance* wires can be selected in 
nickel-aluminium type for use at high most cases to meet these varying demands 
temperatures and conform to the British within the usual tolerances. 


Standard Specification 1827: 1952 within 
the usual tolerances. They also meet the 
requirements laid down in Air Ministry 
Specifications 1632 and 1705 covering 
extension leads. 


Matched Advance* Iron Wires The 
non-availability of a Standard Iron and the 
variation of EMF properties experienced 
with different iron supplies result in some 
difficulty in reproducing thermocouple EMF 


Special Advance* wire (60 40 copper- properties. To overcome this difficulty we are 
nickel) is for use with copper up to 400°C now able to provide a Special Iron wire 

and with iron up to 900°C. The EMF matched with Special Advance* to meet 
requirements of these two combinations certain standard EMF requirements within 
vary according to individual specifications. the normal tolerances. 

If vou are interested in thermocouple alloys, then you may like *REGD. TRADE MARK 


to have a copy of Data Sheet No. 2, for reference. 
BRITISH DRIVER-HARRIS CO LTD 


NICHR Cheadle Heath, Stockport, Cheshire 
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Two sets of initials, both of which stand for reliability. 
Millions of nuts, bolts, rivets and fasteners of all types 
leave the Darlaston (Staffs.) works of Guest, Keen & 
Nettlefolds (Midlands) Limited every week. Accurately 
made from the best quality materials, heat-treatment 
plays an important part in ensuring that they conform 
to the highest specifications. 

Among the latest equipment installed by G.W.B. 
Furnaces Limited are three completely continuous lines 
of Hardening and Tempering furnaces. Each line 
comprises: 30 cwts. Loading hopper—De-greaser— 
Hardening furnace—Continuous quench extractor 
Loading hopper—De-greaser—Tempering furnace— 
Continuous quench extractor. The Tempering units 
can also be used independently as Hardening furnaces 
if required. Each furnace has an output of 5 6 cwts. 
per hour, and the whole installation is served by two 
men only, one to supervise the general operation and 
one fork truck driver who, among his other general 
factory duties, loads the hoppers and conveys the full 
bins of heat-treated components to the Packing Dept. 


G.W.B. Hardening & Tempering Furnaces at Guest. Keen and Nettlefolds, Darlaston. 


“Tf it's a matter of how to fasten one thing to another, get in touch 
with GKN.” If it’s a question of electric heat-treatment or melting 
equipment, consult G.W.B. 


Over 25 years’ experience in electric furnace design at your disposal. 


G.W.B. FURNACES LTD. 


P.O. BOX4, DIBDALE WORKS, DUDLEY, WORC. fel: wudley 55455 (9 lines) 


Associated with Gibbons Bros. Ltd., and Wild-Barfield Electric Furnaces Ltd. 
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MELTING 


Five Demag 1 Ton Low Frequency Induction 
Melting Furnaces for copper and copper alloys 


There are no set rules for choosing any one particular 
type of melting furnace since, even with the same metal, 
production requirements may swing the choice to one 
or the other. With access to the wide range of designs 
and long experience of Demag, pioneers in Induction 
Melting Furnace development, G.W.B. are now equipped 
to advise on the most suitable unit to suit a particular 
charge and specified production programme. For ferrous 
or non-ferrous induction melting, furnace designs are 


available covering : 
SCHEMATIC SECTION OF 


Crucible Type Furnaces for Mains Frequency 
TYPE INDUCTION 


or motor alternator operation, for steels, irons CRUCIBLE 
and non-ferrous metals. MELTING FURNACE 


Channel Type Mains Frequency Furnaces for € coil 
melting light metals, copper and copper alloys, 5 Sark SS 2 Refroctory Lining 


zine and irons. pe 3 Crucible 
; ” 4 Effective magnetic flux 


The electric induction method of melting can solve your ; a, S Current 


melting problem, and G.W.B. can help you in choosing 
the correct induction furnace. 


G.W.B. FOR ALL THAT IS BEST IN ELECTRIC MELTING AND SMELTING FURNACES 


G.W.B. FURNACES LIMITED 


P.O. BOX 4+ DIBDALE WORKS DUDLEY WORCS. Telephone: Dudley 55455 


Associated with Gibbons Bros. Led & Wild-Barfield Electric Furnaces Ltd Gw 8.105 
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A junction chamber 
on an early 3-phase 
distribution system ? 


The roof of 
a reheat furnace ? 


A new kind of 
resilient foundation — 
for a press ? 


Number two is the right answer. It is part of the monolithic roof of a reheat furnace at the Margam works of the Steel 
Company of Wales, immediately before the refractory was placed. 

The special anchor bricks hanging from the R.S.J’s are secured by heat-resisting clips and will provide support 
through the full thickness of the refractory lining. 

This roof was cast in “TRI-MOR” High Temperature Castable. It is a good example of the type of furnace lining 
which “TRI-MOR” refractories and Morgan’s whole-hearted belief in monolithic structures have made possible. 
Someof the mostusefulof the“ TRI-MOR® refractories are:— 


TRI-MOR Standard Castable 
TRI-MOR High Strength Castable 
TRI-MOR High Temperature Castabie 
TRI-MOR High Temperature Mouldable 
TRI-MOR Dense ‘Guncrete’ 
TRI-MOR Insulating Castable 
TRI-MOR Insulating ‘Guncrete’ 


MORGAN REFRACTORIES LIMITED, 
NESTON, WIRRAL, CHESHIRE. TELEPHONE: NESTON 1406 sl UCT 


49/A 
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ACID-PROOF FUSED SILICA SHEATH 


VITREOSIL 


IN ACIDS- cut heating costs ! 


Plating or Pickling Baths can be operated 
at less cost with direct immersion heating, 
- and accurately temperature controlled with 
100% efficiency. The Vitreosil sheath is chemically 
inert, eliminates risk of contamination, 
and is demountable for 


immediate on-the-spot servicing. 


Eight page Brochure gives full information with 
enquiry form for exact specification hy our 
technical staff to meet your individual needs 


FOR ALKALIS—SPECIAL HEATERS AVAILABLE 


THE THERMAL SYNDICATE LTD. 


P.O. BOX No. 6, WALLSEND, NORTHUMBERLAND. Tel: Wallsend 6-3242/3 
LONDON: 9, BERKELEY STREET, W.1. Tel: Hyde Park 1711/2 
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WILD-BARFIELD 
A.H.F. 
equipment at 


WOLF ELECTRIC 
TOOLS LTD 


Wild-Barfield A.H.F. equipment is used by Wolf Electric Tools, 
Ltd., (manufacturers of the well-known Wolfcub drills etc.), for the 
hardening and tempering of small gears, shafts and pinions. 
Many other industrial concerns have found that Wild-Barfield 
A.H.F. induction heating speeds production, saves space and offers 
savings all along the line. Our engineers will be glad to supply 
further details and explain how Wild-Barfield A.H.F. equipment 


can help you. 


Induction heating speeds production 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 26091 (8 lines) 
WB 64 
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takes good care of you 
—with ILFORD Industrial B X-ray film 


High among the priorities of BOAC is safety. Behind the scenes at London ’ : 
Airport is some of the world’s finest equipment, operated by highly trained Where reliability is all-important — 
personnel to ensure the reliability of every detail that contributes to safe 

Where even the smallest foreign particle may imperil life, nothing is left to 

chance. Complex units, such as engine oil coolers which cannot be dis- 

mantled for inspection, are therefore radiographically examined to detect 

accumulations of sludge, metal debris, and carbon particles which would 

spell danger if they circulated in the engine lubrication system. 

For this examination, British Overseas Airways Corporation relies on 

ILFORD Industrial B X-ray film. Ilford has a reputation for reliability. 
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BRITISH ALUMINIUM 


. 


ON BRITISH RAILWAYS 


Aluminium castings, sheet and extrusions are widely used 
on the 2,000 h.p. diesel-hydraulic main line locomotive 

built by North British Locomotive Co. Ltd and now coming 
into service on the Western Region of British Railways. 

The driving cabs at each end are constructed of aluminium 
castings welded together, and are supplied complete by 


Lightalloys Ltd, who are also providing other cast and 


fabricated aluminium components such as louvres, side 
access doors, etc. British Aluminium, suppliers to Lightalloys Ltd, are proud to be associated in this and in other ways 


with the British Railways Modernisation Plan. Our Development Engineers are ready to help with your particular problem. 


The BRITISH ALUMINIUM Co Ltd 


NORFOLK HOUSE ST JAMES’S SQUARE LONDON Swi 


AP 295 
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We specialise in the design and 
construction of: 

Open Hearth Furnaces - Soaking Pits of 
all types - Continuous Multi-zone Bloom 
and Slab Re-heating Furnaces - Continuous 
Bogie type Ingot and Slab Heating Fur- 
naces - Furnaces for Aluminium Melting, 
Coil Annealing and Slab Re-heating - Forge 
and Heat Treatment Furnaces - Stress 
Relieving Furnaces - Shipyard Plate and 
Bar Furnaces - Modern Lime Burning Kilns 


PRIEST FURNACES LIMITED * LONGLANDS * MIDDLESBROUGH 
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The above Furnace is for reheating 34 = 4in. billets 12ft. Oin. 
long to rolling temperature. Specifically designed and zoned 
for efficient operation over a varying range of output up 
to a maximum of 25 tons per hour. Supplied to Samuel 
Fox & Company Limited, Stocksbridge Works, Sheffield, 
complete with electro-hydraulic pusher, side discharge 
pusher, extractor rolls and charging roller table. 


also at TELEGRAPH BUILDINGS HIGH STREET SHEFFIELD 
The last word in 
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EFCO continuous production line, 
125 fe. long, supplied to the 
= Caterpillar Tractor Co. Ltd. 


...cant do better than CATERPILLAR 


Models of ruggedness and reliability, Caterpillar tractors need 
—and get—the finest manufacturing facilities. 

That is why Efco were chosen to provide the new production 
line in which components are given precise and vital heat treatment 

The production line is fully automatic. Here the parts are 
shepherded along in two lanes to be heated for hardening, are then 
quenched in water sprays or hurried on by electronic devices to be 
oil quenched. Further along the line they are cleaned, tempered and 
cooled. Some 6,000 Ib. of tractor components arrive at the discharge 
end of the line every hour. 

The conveyor line, the hardening furnace, quench stations, 
quenching mechanisms, washing and cooling booths and control gear 
were all designed and supplied by the Electric Resistance Furnace 
Co Ltd 


Now Caterpillar Tractor Co. Ltd have ordered two 
more Efco continuous furnaces 


-.-choose 


4 
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ELECTRIC FURNACES 


ELECTRIC RESISTANCE FURNACE CO. LTD. 


NETHERBY, QUEENS ROAD, WEYBRIDGE. SURREY ~ Weybridge 389! 


Assoc ated with Electro-Chemical Eng neering 
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Economic Thickness of Insulation 


It may be true that ‘the mor. you insulate the more you save’, 
but insulation costs money too !—somewhere there is a point 
of maximum overall economy. 


This graph is based upon a typical example. It shows how 
costs rise for lesser thicknesses of insulation than the ‘economic’ 
owing to excessive wastage of heat. On the other hand, costs 
also rise for greater thicknesses because the extra saving is not 
offsetting the cost of extra insulation. Because the insulating 
efficiency of Stillite insulation is particularly high it may be 
used thinner than many contemporary materials and will thus 
usually give an equal or greater saving at lower cost. 


If you would like to pursue the potential savings possible 
through the use of Stillite Insulation further or to explore 
other technical aspects of thermal insulation, you will find the 
Stillite Technical Manual invaluable. As a reader of Metal- 
lurgia we will gladly send you a copy on request. 


Regd. Trade Mark 


STILLITE PRODUCTS LTD. 


15 Whitehall, London, S.W.1. WHtehall 0922 6. 
and 231 St. Vincent St., Glasgow. Central 4292. 
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VALUE OF HEAT LOST OVER FIVE YEARS 


THICKNESS OF INSULATION 
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The perfect marriage of old and new takes place as the traditional 
canal boat brings fuel to today’s power generators, 


Change is not always ruthless, nor synonymous with replacement 
in South Staffordshire, where, when benefits accrue, the new teams 
happily with the old, taking the best of modern methods and 
ancient skills and blending them into a realistic approach to the 
problems of an atom age. 


Progress in Staffordshire, bringing almost every major improve- 
ment in the technique of iron-founding since 1700, is apparent in 
the landscape of the County as well as in its products. 


For almost a century and a half Pig Iron has been manufactured at 
Darlaston Iron Works. Today, the most modern methods of metallurgical 
control of raw materials and the finished product, enables them to supply 
Pig Iron of consistent uniformity to the most exacting specification. 


FOR QUALITY CONTROLLED 
REFINED PIG IRON 


DARLASTON : STAFFORDSHIRE 


A member of the Staveley Coal & Iron Co., Lid., Group. L.G.B. 
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LUCAS FURNACES LTD 
BIRMINGHAM 
COMPLETE INSTALLATIONS 
FURNACE CONVERSIONS 
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Dependability 


and Quality in 
Dunelt Special 
purpose Alloy 
and Carbon 
Steels 


Black rolled, bright drawn 

or smooth ground, in heat-treated 
or unheated conditions. Free 
cutting steels, heat-resisting 

steels, die steels, shear blade 
steels, high-speed tool steels, 
Stainless steels, valve steels, 

hollow steel bars. 


DUNFORD & ELLIOTT (SHEFFIELD) LTD 
ATTERCLIFFE WHARF WORKS, SHEFFIELD 9 


Telephone: Telegrams: 
41121 (5 lines) Blooms, Sheffield, 9 
London Office: Birmingham Office: 
Linford Street, 25 Burlington Chambers, 
S.W.8 118 New Street, 2 
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BARFIELD 
CARBONITRIDING 


7 ... the best in every case 


CONSIDER THESE POINTS: 


@ Clean working conditions 


@ Unskilled labour may be employed to 
carry out the process 


@ Post-cleaning operations reduced 


@ No storage space required for case harden- 
ing materials 


@ Simple system of atmosphere control 


Shaker hearth furnace 


| CARBONITRIDING OF MILD STEEL (En32 
LITT 
32 
@ Atmosphere employed is raw Town’s 
Gas and Ammonia 
24 | @ No costly gas preparation plant required 
= rT @ Batch or continuous equipment 
@ Consistent repetitive results 
$ 
LL. | | | TIME CASE DEPTH CURVES 
8 | | I + + | + 
| | 
L 
Te) 20 30 40 
TIME (HOURS) 


ELECTRIC 


BarreLD 


FURNACES 


FOR ALL HEAT-TREATMENT PURPOSES 


Rotary drum furnace 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS OTTERSPOOL WAY WATFORD BY-PASS WATFORD HERTS Telephone: WATFORD 26091 (8 lines) 


wese 
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Fuel Selection for Annealing Castings 


“replacing an existing furnace by one using town gas due to the high maintenance and 
replacement costs incurred with existing equipment” 


Langley Alloys Ltd., manufacturers 
of the well-known “Langalloy” and 
“Hidurax” alloys, face a problem 
common to most heat treatment 
process users in that they need a 
flexible plant to treat loads varying 
in size and metallic composition. 
For example, a recently installed 
furnace at Langley Alloys Ltd. is 
used primarily for the heat treatment 
of corrosion resistant castings in the 
“Langalloy” series of nickel-based 
and stainless steel alloys, yet it had 
to be satisfactory for hardening and 
»tempering large forgings in alu- 
bminium, bronze and other copper- 
based alloys. 

The nickel-based alloy castings 
include nickel-molybdenum-iron and 


nickel-chrome-molybdenum alloys 
which are solution heat treated by 
holding them at temperatures ranging 
from 1,150°C to 1,250°C followed by 
a water quench or air blast. This 
treatment ensures maximum cor- 
rosion resistance and eases the 
machineability. 

Stainless steel castings include chro- 
mium steels and various grades of 
chromium-nickel austenitic _ steels, 
and the heat treatment is carried 
out at 950°C to 1,100°C, after which 
they are water quenched. 


THE PROBLEM 

The North Thames Gas Board 
Industrial Department was asked to 
collaborate in replacing an existing 
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furnace by one using town gas due 
to the high maintenance and replace- 
ment costs incurred with the existing 
equipment. It was pointed out that 
the furnace hearth was subjected to 
hard wear caused by heavy parts 
being dropped on to it during loading. 
A bogie hearth furnace was suggested 
measuring 4 ft. 0 in. long by 3 ft. 0 in. 
wide. After the bogie hearth was 
withdrawn it had to be capable of 
being tilted so that the articles could 
be tipped into a side quenching tank. 
A maximum temperature of 1,250°C 
held within +10°C was also stipu- 
lated. 

A further requirement was a steel 
table used as a loading platform at 
the same height as the bogie hearth 
with a quenching tank sunk into 
the floor. 


THE EQUIPMENT 

The North Thames Gas Board dis- 
cussed the requirement with the 
furnace manufacturers, and eventu- 
ally a furnace was supplied and fitted 
to the following specification: 


Dimensions of Furnace—Door open- 
ing 3 ft. 6 in. wide and | ft. 11 in. high 
from the top of the bogie to the 
spring of the door arch. Length from 
door face to back wall of 4 ft. 103 in. 


Wall and Arch Construction—Light- 
weight insulating refractory backed 
with diatomaceous insulation. 


Casing—Totally enclosing the brick- 
work except the roof. Adequate in 
strength to prevent any distortion. 
Finished in heat resisting aluminium 
paint. 


Bogie Construction—High quality 
firebrick top backed with insulating 
refractory. Door forming back of the 
bogie lined with lightweight insu- 
lating refractory and diatomaceous 
material. Sandseals on the sides and 
end of the car to prevent hot gases 


Fig. 1 
A front view of the gas-heated annealing 


furnace at Langley Alloys Ltd. showing, the 


furnace construction and tHe. hearth part 
withdrawn towards a sunken quench tank. 
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escaping from the furnace chamber. 
Wheel axles in roller bearings for 
easy bogie movement. Hand wheel 
operated clamping screws on door to 
lock the bogie in position—the door 
protecting the operator against radia- 
tion as the bogie is withdrawn. 
Manual withdrawal by a chain and 
bevel gear drive to the wheels with 
operating handle at a convenient 
height on the back of the door. 
Sufficient rail length for withdrawal 
of the bogie clear of the mouth of the 
furnace for loading and unloading. 


Gas Burner Equipment—Two air blast 
burner blocks firing from the rear 
wall on each side of the furnace. No 
flame impingement on the charge— 
the hot gases, after passing to the 
door, are drawn back through flues 
in the rear wall arranged at bogie 
hearth level. Flues connected to a 
common outlet with damper control. 
Each burner set provided with 
graduated air and gas control cocks. 
A motorized valve, wired through a 
temperature control panel, simul- 
taneously operates valves in the main 
air and gas supplies according to the 
heat input requirements. 

Other controls on the main gas 
supply include a constant pressure 
governor, non-return valve and a 
solenoid operated main _ shut-off 
valve. 


Air Supply—Fan blower at 22 in. w.g. 


Loading Equipment—Mild steel load- 
ing table is provided with a top for 
easy loading of the work on to the 
bogie. As the hearth is at tempera- 
ture all loading is carried out 
with tongs. 


Unloading—A hand operated tilting 
device, the door again shielding the 
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operator from the high temperature 
during bogie tilting. Locking device 
provided holding the bogie to the 
rails during this operation. 


Quench Tank—Mild steel plates, suit- 
ably braced. 3 ft. Oin. wide by 
4 ft. 6in. deep by 5 ft. Oin. long to 
quench 500 Ib of castings with a 
water temperature rise to 140°F. 


Safety Control—Diaphragm switches 
in both air and gas lines connected 
to solenoid valve in the main gas line. 
The solenoid valve closes with failure 
of gas or air supply and cannot be 
opened until it has been manually 
reset. 


Test Results—Tests were made during 
a day’s operation to determine the 
performance of the furnace under 
normal operating conditions. The 
working temperature of 1,050°C was 
obtained in 1} hours after lighting 
from cold for a gas consumption of 
approximately 12} therms. The time 
to recover working temperature fol- 
lowing loading was between a quarter 
and half an hour, depending upon 
the size of the charge. 

One charge consisted of 291 Ib of 
small castings of nickel based stain- 
less steel, and the working tempera- 
ture was recovered in 20 minutes for 
a consumption of 2} therms of gas. 
A further 4 therms were consumed 
whilst one hour’s soaking was taking 
place, giving a total of 6} therms for 
the treatment of the charge. 

It is estimated that to heat the 
furnace and a 500 Ib. charge to 
1,250°C would take 3 hours and 
require approximately 25} therms of 
gas. For a follow-on charge of 
500 Ib, assuming the furnace to be 
at 1,350°C and the bogie at 1,000 C, 


Fig. 2 
A rear view of the annealing furnace showing 
the gas/air controls and safety devices. 


would take | hour with a gas con- 
sumption of 114 therms. 


Langley Alloys Limited also use 
town gas in their foundry for shell 
moulding, core drying, ladle drying 
and other specialised foundry require- 
ments as well as for canteen and 
welfare purposes. 

This is one example of collaboration 
between the user and plant supplier 
where the North Thames Gas Board 
offered a free consulting service. 
An Industrial Gas Officer at any 
Area Gas Board can avail himself of 
the experience of his colleagues in 
other Gas Boards through the 
medium of the Gas Council's Indus- 
trial Gas Development Committee. 
And, of course, heat treatment is but 
one of the many trades, professions 
and occupations using the facilities 
and research of the British Gas 
Industry. 


Scottish Gas Board, Edinburgh 
Northern Gas Board, Newcastle-upon-Tyne 
North Western Gas Board, Manchester 
North Eastern Gas Board, Leeds 

Fast Midlands Gas Board, Leicester 
West Midlands Gas Board, Birmingham 
Wales Gas Board, Cardiff 

Eastern Gas Board, Watford 

North Thames Gas Board, London, W.8& 
South Eastern Gas Board, Croydon 
Southern Gas Board, Southampton 
South Western Gas Board, Bath 


The Gas Council, 1 Grosvenor Place, 
London, S.W.1 


Fig. 3 

A view showing the hearth completely with- 
drawn—the door protecting the operator 
from radiation from the charge—and being 
tilted towards the quenching tank. 
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Cosctioltled 
Gatth furnaces for 


CLEAN HARDENING, CARBO NITRIDING 
CARBON RESTORATION, GAS CARBURISING 


THERMIC EQUIPMENT & 
ENGINEERING CO. LTD. 


(Associated with Gibbons Applied Atmospheres Ltd., Birmingham, |5) 
SALMON STREET, PRESTON 


Tel. PRESTON 56254 /5 "Grams: THERMIC, PRESTON 
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NEW STYLE HEAT TREATMENT 


fired furnace of new design for GAS carburising 


and clean heat treatment in controlled atmospheres is now a working exhibit at 
the Board’s Heat Treatment Service establishment. 
Come and see it at work or send your own components to be treated. Orders can 


be accepted for all types of commercial heat treatment. 


Consult the 

HEAT TREATMENT SERVICE 
WEST MIDLANDS GAS BOARD, 
ADDERLEY STREET, BIRMINGHAM 9 


Phone VIC 3791 
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a K.I.P. range includes lightweight insulating firebrick in 6 
grades for temperatures up to 1500°C—* back-up” 


insulation up to 850°C and insulation 


SANITARY 


castables up to 1300°C. a 


LIFF 


INGSC 


Head Office: STORRS BRIDGE WORKS LOXLEY Nr. SHEFFIELD Tel 43844-5-6 


One of the MARSHALL REFRACTORIES GROUP OF COMPANIES 


KIP. 31 
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Photograph by courtesy of Messrs. Thos. Firth & John Brown Ltd, Sheffield. 


B rayshaw Town’s Gas Fired 


Bogie Hearth Furnace 


of the products recirculation type tempering 
Furnaces installed at Messrs. Thos. Firth & John Brown Ltd., Sheffield. 


the above illustration is one of the many i ANNEALING 
installations supplied to leading manufacturers ' 
Brayshaw Industrial Furnaces for all HARDENING 

purposes including: - --------------------- TEMPERING 
Ask... BRAYSHAW the specialists in CARBURISING 
design and construction of ' 
internationally famous Furnaces FORCING 

| GALVANISING 

BRAYSHAW FURNACES LID., | MELTING 
BELLE VUE WORKS, MANCHESTER 12 ' by Gas - Oil - Electricity 


Telephone East 1046 (3 lines) Telegrams Hardening Manchester 
London Office 2! Liverpool Street, E.C.2 Telephone Avenue 1617 6 
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Heat Treatment of 


ALLOYS 


Greater efficiency, more precise control, higher output with considerably less 
maintenance and running costs—these are the features that place these 
STORDY Electric Furnaces ahead for light alloy treatment. Unit construction of heater 
battery allows ready derating adjustment for precipitation treatment and annealing—with same 
precise temperature control. In addition, the heater battery is remote from the furnace 
chamber and therefore easily accessible for inspection without dismantling. The large 
capacity centrifugal fan gives greater air circulation. 
The furnace illustrated is for the heat treatment of extruded sections—work dimensions 
5 ft. diameter by 8 ft. deep. 


6M /SE 2807 
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NITROGEN CYCLE 


We build nitrogen generators— 
and a wide range of other gas 
generators, too. The fact had 
better be stated quickly before the 
purists point out that the nitrogen 
cycle also concerns organic 
matter: no, we do not make nitrogen 
from decomposing animal tissue. 
Specially designed generators 
separate nitrogen from air by the 
combustion of fuel, which 
converts the oxygen content into 
carbon dioxide and water. 

We deal with these waste 
constituents, too, but one of our 
engineers will explain all that. 
Protective atmospheres for 
furnaces, including annealing of 
transformer laminations; purging 
of electric lamps and handling of 
semi-conductors; prevention of 
oxidation in chemical processes 
and in packing sensitive 
foodstuffs; handling of 
inflammable liquids in petroleum 
refining; all these processes 
employ nitrogen protection. 
Estimates of capital and running 
costs for Birlec nitrogen gener- 
otors are available on request. 


* if there were other gas cycles 
we'd ride those also, as we build 
generators for hydrogen, carbon 
dioxide, inert gases, and furnace 
atmospheres, in addition to nitrogen. 


LONDON 
Dryer and Gos Plant Division of 
An A.E.1. Company 
ERDINGTON BIRMINGHAM 24 Tel: EAST 1544 NEWCAST. E-ON-TYNE 
JOHANNESBURG 
SM/B4995 
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When temperatures run high... 


“It’s the devil's own job finding a brick that will both stand up to high temperatures, and resist....' 


“What do you cal] hig temperatures?” 
“Over 1600° Centigrade ....to stand that and resist—really resist—slag attack. 
And do both of these for a long time without cracking.” 
“Qu.te a proposition.” 
“More than a proposition. It's a necessity. Also it has to be a brick suitable for a multitude of applications.” 


“Such as?” 

“Well, it’s not only the Steel Industry ; there are the glass producers and high temperature 

kiln people too. It's wanted for soaking pits, reheating furnaces, and burner blocks — 

wherever operating conditions are really severe.” 
“I think | know the rest. Apart from the resistance to slag attack you mentioned it must heve 
low spalling tendency and very high mechanical strength. In fact, a super duty brick. Right? 


‘| believe you know something. What's the brick ?” 


“The Consett ‘735’ High Grade Alumina Brick—-ideal for the super duty 
and the multitude of applications you mentioned.” 


“Didn't know you were a refractories expert." 


“I’m not—the experts are at Consett Iron Company Limited—they’ve got a 
whole range of refractories... . CONSETT 34/—that’s their number.” 


“Thanks —I'll ring them at once.” 


CONSETT REFRACTORIES 


CONSETT IRON COMPANY LIMITED, 
CONSETT CONSETT, COUNTY DURHAM. 
REFRACTORIES Telephone: CONSETT 34! 
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Scientific Means 


The Metropolitan-Vickers Range of Scientific 
Equipments includes apparatus for the investigation of 
metallurgical, chemical and biological problems in 
research, production or processing. These equipments 
cover a wide selection of specialised scientific apparatus. 


to Scientific Ends 
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These results are reproduced by kind permissicn of the 
United Kingdom Atomic Energy Authority, Atomic 
Research Establishment, HARWELL, Didcot, Berks. 


METROPOLITAN -VICKERS 


ELECTRICAL CO LTD TRAFFORD PARK MANCHESTER, (7 


An A.E.1. Company 


MASS SPECTROMETER TYPE MS5 An instrument specially 
designed for the measurement of isotope ratios of inor- 


ganic solids by the surface ionisation technique. 


ANALYSIS OF PLUTONIUM 


m 
ry 239 | 240 | 241 | 242 


ABUNDANCE | 27-20 | 23-10 | 49-60 | 0-072 


STANDARD 
DEVIATION | 0:25 | 0:30; — | 0-007 


Tabulated results and traces from sample of 

approximately 10-8 grams of plutonium mitrate, 
using the triple filament technique and the multi- 
plier detector. The standard deviation quoted is 


taken on 10 measurements. 


Let us look into your problem. Experts of 
our Advisory Service can almost certainly 
help you with problems of scientific invest- 
igation in any of the fields mentioned below, 
ELECTRON MICROSCOPY 
MASS SPECTROMETRY 
CRYSTALLOGRAPHY 
RADIOGRAPHY 
MICRO-ANALYSIS 
MATERIALS IRRADIATION 
HIGH VACUUM ENGINEERING N/R80S 
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Baldwin Atomat Nucleonic Thickness Gauges 


ACCURATE, CONTINUOUS, NON-CONTACT INSPECTION 
SAVES MATERIAL, LABOUR AND TIME! 


The Atomat Principle 
RAY SOURCE 
MATERIAL 
RAY DETECTOR 


Amount of rays passing 
through material indicates thickness 
or weight per unit area. 


That's the very basic explanation of 
the Atomat principle. There are three 
main gauges; the Atomat Cold Strip 
Gauge, the Hot Strip Gauge and 

the Beta Gauge. 

In addition there are special purpose 
variations, made to meet the 
requirements of many different 
industries. 


HERE’S WHAT AN ATOMAT 
GAUGE CAN OFFER YOU 


@ Time and material saving both in 
production and setting up 


High accuracy 


@ Calibration in your usual units 
of measurement 


@ Continuous readings for materials 
in constant production 


@ Auto standardisation and control if you require 
@ Minimum maintenance 


Baldwin Atomats are already boosting production and 
cutting costs in the paper, metal rolling, rubber 

and plastics industries. Highly successful 
applications also include the measuring of selenium 
on aluminium, coatings of paint and lacquers, density 


of wood chips, coatings of grit on abrasive papers - 
and padding and resin impregnation in the textile = 
industry. But the potential of Baldwin Atomat “pane Send for the Baldwin Brochure V A 124 
Nucleonic Gauges has hardiy been tapped. 5 It gives full information 
y INSTRUMENT DIVISION °° Atomat Gauges clearly 
Is there a piace for them in your plant? > and concisely. 


BALDWIN INDUSTRIAL CONTROLS 


Baldwin Instrument Company Limited, Dartford Kent 4 ticrver croup company 
DARTFORD 6411 & 2948 Cables and Telex - Baldwin, Dartford 


B22 
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AACKMAN FOR HARDNESS TESTING EQUIPMENT 
TEST MACHINES 


WE SHOW A BEAM TYPE 


TEST HEAD CAN BE SLID 
ALONG BEAM BY HAND. 
WIDTH BETWEEN COLUMNS52” 

HEIGHT UNDER TEST BALL 
6” TO 60” 

STANDARD BENCH TYPE AND 
OTHER SPECIAL MACHINES 
AVAILABLE. 


PLEASE WRITE FOR BULLETIN No. 2 


ALPHA CARBOMETER 


FOR RAPID AND ACCURATE 
DETERMINATION OF CARBON IN 
STEEL BATHS. 


TOTAL TIME OF MAKING TEST 13-2} 
MINUTES INCLUDING PREPARATION 
OF SPECIMEN. ACCURACY IS -.0:01°%, 


SIMPLE TO OPERATE. 


PROVIDES COMPLETE CONTROL 
OF STEEL BATH. 


USED IN THE 
LEADING STEEL 
WORKS OF THE 


Telephone: DEAnsgate 4648 (3 lines) Telegrams: BLAST, MANCHESTER 
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furnaces for stress relieving 


INCANDESCENT have wide experience in building 


bogie hearth furnaces for many processes—stress relieving, 


annealing, heat treatment of forgings, mill rolls, etc. 
The furnace illustrated is installed at the works of 
Whessoe Ltd., Darlington, manufacturers of pressure 


vessels and chemical plant. 


INCANDESCENT 


THE INCANDESCENT HEAT CO. LTD. SMETHWICK ENGLAND 


13/13B/S9 
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Pressed brick 
being lifted from 


the die 


PRESSING PROBLEM SOLVED 
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Pickford Holland install the latest hydraulic presses 
for standard and special shapes 


Refractory bricks today must be abso- 
lutely accurate in size and shape. These 
qualities, combined with unerring con- 
sistency in texture and performance are 
achieved by Pickford Holland through 
the medium of the most modern plant 
and equipment. 

In Pickford Holland works, the very 
latest crushing, grinding and mixing 
plant, powerful hydraulic presses and 
continuous tunnel firing kilns have been 
and are being installed. Rigid control 


of the various processes is strictly 
observed, and the finished bricks are 
carefully inspected and tested before 
being despatched to the consumer. 

More and more Pickford Holland 
refractory bricks are being supplied to 
steel and other industries throughout 
the world and the demand still grows. 
This surely points to the success of this 
policy of plant modernisation and is a 
tribute to the lasting service that these 


bricks give. 


PICKFORD HOLLAND Refractory Bricks 


Consistent in Size, Shape, Texture and Performance 


PICKFORD, HOLLAND & CO. LTD., 381 FULWOOD ROAD, SHEFFIELD 10. TELEPHONE 33921 
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Quality Control 


through X-ray Spectrography 


\ 


X-ray Spectrography has proved to be the 
economical answer to many problems of 
quality control and industrial analysis. Most 
industrial materials are amenable to analysis 
by X-ray Spectrography, which can 
be so highly automated that relatively 
unskilled labour can be employed. 


This application service for industry has 
helped many . . . it may help you too! 


Your most obstinate problem of quality control may 
possibly be solved by the unique properties of! 
X-ray spectrography. Arrangements have been made 


4 Philips X-ray spectrographic attachment and wide angle between Research & Control Instruments Ltd. and 
goniometer. Used in conjunction with the well known high N.V. Philips, Eindhoven, whereby the experience 
voltage generator PW.1010 and associated electronic circuit and facilities of the world-famous Philips X-ray 
panel with recorder. (Products of N.V. Philips, Eindhoven.) analysis laboratories can be placed at your service. 


The problem will be studied by specialists and their 
conclusions can be discussed in your own works, 
This service is entirely free. Write to us now. 


Many famous firms rely on Philips X-ray Spectrographic and 
Diffraction Equipment in their works and laboratories. And 
their choice has been guided by Philips outstanding achievements 
in this field. 

A 60-page brochure describing the current range of equipment 
and its many applications is available on request from 


sole Disiibwors in U.K RESEARGH & CONTROL INSTRUMENTS LTD 


Instrument House - 207 King's Cross Road - London - WC1 


Telephone: Terminus 8444 


(RCLO402) 
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THE CRONITE FOUNDRY 


LAWRENCE ROAD, 
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STEEL 
CASTING 
WITH 
THREE 
LEGS! 
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Every Edgar Allen Steel Casting is 
firmly based upon these three qualities 


To EDGAR ALLEN & CO. LTD. 
SHEFFIELD 9 


| Edgar Allen « Co. Limited 


Please post Steel Foundry Book to 


IMPERIAL STEEL WORKS - SHEFFIELD - 9 
Mew..." Post the coupon to-day for this Booklet | 
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‘ACHESON’ 


TRADE MARK 


TAPER 
JOINTED 
ELECTRODES 


The new 16° diameter electrode has ; 


nipple with a major diameter 83". 
N 0 W length 12°. This means a thicker socke 
wall all round in addition to the extra’ 
_ protection and life given to the socket 


_ nipple 8° at the major diameter and 10° 
— long. Similarly the new 12° taper - 


joints the threading of nipple and 
_ is four threads per inch machined to fir 


Full information about these three 
important additions to the 
“Acheson” range can be obtained 
from British Acheson Electrodes 
Limited, Wincobank, Sheffield 
(Tel: Rotherham 4836). 


ACHESON 


TRADE MARK 
GRAPHITE ELECTRODES 


The term ‘ACHESON’ is a registered trade mark 
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Matched service for 
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continuous quenching a 
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FLETCHER MILLER LTD.,ALMA MILLS, HYDE, CHESHIRE. 
Telephone: HYDE 3471 (5 LINES) Telegrams: EMULSION, HYDE 


Also at LONDON, WEST BROMWICH, NEWCASTLE-ON-TYNE, CARDIFF, GLASGOW AND BELFAST 


HT1 
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you can take our word for it! 


there is a FRANKLIN furnace to give you 
increased production at lower running 
cost. FRANKLIN oil fired furnaces are 
exclusively designed to give economical 
fuel consumption with minimum heat loss. 
May we advise you on the installation of furnaces 

for metal melting of all types, annealing, 

heat treatment etc. Our technical staff is 

at your service. 


FRAN KLIN for all furnaces 


THE FRANKLIN 
REVERBERATORY FURNACE 


This furnace is designed for 
aluminium and aluminium- 
bronze bulk melting from 
300 to 1000 Ib. capacity. Oil 
or gas fired. Prices from 
£345.0.0 


ALL FURNACES GUARANTEED 


Manufacturers of 

INDUSTRIAL FURNACES AND 
OlL BURNING EQUIPMENT 
FOR ALL PURPOSES 


FRANKLIN FURNACE CO. LTD. 
BAKER STREET, SPARKHILL. 
BIRMINGHAM, II. 

Phone: ViCtoria 2579 
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WORKS 
PLANT 


Newton 


ABOVE Two Bogie type Ingot Casting Cars supplied to the Steel Co. of Wales. 


BELOW A 150 ton Hot Metal Receiver supplied to Brymbo Steel Works Limited. 


~ 


pS ape CHAMBERS bring to the service 
of the steel industry years of specialist 
experience in the design and manufacture of 
heavy steelworks plant and equipment, and 
are keeping abreast of modern requirements 
by their own developments and by entering 
into arrangements to manufacture new types 
of plant developed overseas. 

Recent extensions to our shops, with the 
provision of new equipment, enable us to 
make even larger, heavier and more intricate 
fabrications. Today, we are one of the largest 
suppliers of steelworks ancillary plant, includ- 
ing ladles up to 300 tons capacity. 


e Slag Ladies and Carriages 

¢ Hot Metal Ladies and Carriages 
e Casting Ladies and Carriages 

e Ingot Casting Cars 

e Ingot Transfer Cars 

¢ Special Transport Equipment 

e Gas Cleaning Plant (Bischoff) 

« Pig Casting Machines 

« Recuperators and Heat Exchangers 


Newton 
Chambers 


ENGINEERING DIVISION 
THORNCLIFFE SHEFFIELD 


SP 
¢ 
. 
RIGHT 275 ton capacity Steel Casting Ladles for John Summers and Sons Limited. ° . o> . > 
» 


40 
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These 180 kW Birlec bell furnaces at the 
works of Joseph Sankey & Sons Manor 
Works Ltd., Wolverhampton, have been in- 
stalled for the high temperature annealing 
of hot-rolled silicon steel sheet for trans- 


former cores. Two more Birlec installations, 


totalling a further ten bell furnaces, form a 


substantial part of Sankey's annealing 


Yu, 


capacity. Some 450 tons of transformer 


sheet, with a finished value exceeding 
£36,000, are treated each week in Birlec 


Furnaces. 


Va 


* The cost of a furnace is not necessarily 


its purchase price. Even a brief interruption 


in production may cause severe losses in 


output and serious inconvenience. The pur- 
chaser of a Birlec furnace can be confident 
that the equipment will net only meet his 


specification, but will give uninterrupted 


trouble-free service. 


Vi 


Wd 
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BIRLEC LIMttTteo. 
An A.E.I. Company EXTRA - SPECIFICATION FURNACES 
ERDINGTON BIRMINGHAM 24 : Tel. EASt 1544 
LONDON SHEFFIELD GLASGOW : NEWCASTLE-ON-TYNE JOHANNESBURG 
SM/B500¢ 
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CONTENTS FOR OCTOBER, 


THORNCLIFFE - SHEFFIELD 


THE BRITISH JOURNAL OF 


METALS 


PUBLISHED MONTHLY BY 


The Kennedy Press, Ltd., 
31, King Street West, 
Manchester, 3. 
Telephone:  BLAckfriars 2084. 


London Office : 


158, Temple Chambers, 
Temple Avenue, E.C.4. 
FLEet Street 8914. 


CONTRIBUTIONS 


Readers are invited to submit 
articles for publication in the edi- 
torial pages: photographs and/or 
drawings suitable for reproduction 
are especially welcome. Contribu- 
tions are paid for at the usual rates. 
We accept no responsibility in 
connection with submitted manu- 
script. All editorial communica- 
tions should be addressed to The 
Editor, “ Metallurgia,”’ 31, King 
Street West, Manchester, 3. 


SUBSCRIPTIONS 


Subscription Rates throughout the 
World—30/- per annum, Post free. 


ADVERTISING 


Communications and enquiries 
should be addressed to the Adver- 
tisement Manager at Manchester. 
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Welding Education 


DUCATION in welding is a subject very close to the 
heart of Mr. E. Seymour Semper, Managing Director 
of Hancock and Co. (Engineers), Ltd., and it was not 
altogether surprising to members when he took it as the 
theme of his recent Presidential Address to the Institute 
of Welding. During his membership of the Institute, 
which dates back to its foundation in 1923, Mr. Seymour 
Semper has served the cause, first as a lecturer, then as 
an organiser, followed by some years as chairman of the 
Institute's education committee, and latterly as chairman 
of the committee of the Institute’s council which has 
created and fostered the already well-known School of 
Welding Technology. 

Over the last fifty years there has been an enormous 
increase in the use of welding as a means of construction. 
The first half of the period saw a slow but steady growth, 
but since about 1936—and apart from the wartime peak 
—the expansion has been at an ever-increasing rate. 
From a stage where it was only used for the joining of 
parts of structures whose strength was not particularly 
important, welding has passed through a phase of 
application to stressed static fabrications to its present 
position, where it is deemed suitable for the construction 
of such important engineering products as aircraft on 
the one hand and 3 in. thick plate reactor vessels for the 
new nuclear power plants on the other. Moreover, there 
has been a steady increase in the number of alloys 
welded commercially, new joining processes have been 
introduced, and special techniques have been developed 
to detect weld faults. 

In the past the steps taken to meet the demand for 
education in the field of welding have been indadequate, 
and although such measures as the introduction of the 
British Welding Research Association’s summer schools 
and, following this highly successful move, the establish- 
ment of the School of Welding Technology have done 
something to remedy the situation the present efforts 
cannot be regarded as satisfactory, particularly in view 
of the fact that welding technology is becoming increas- 
ingly complex. As Mr. Seymour Semper put it * Time 
for improvement is short and action is called for.” 

The President suggested that those requiring training 
in welding technology can be divided into two groups. 
The first, a very small one composed of the welding 
specialists, who have basic engineering and _or metallurgi- 
cal training, and who require a thorough understanding 
of the various joining techniques and their relation to 
the engineering functions of design, manufacture and 
inspection. The second and much larger group comprises 
all responsible personnel in the engineering industry 
who require an up-to-date working knowledge of welding 
and its problems for the proper discharge of their duties. 
They require sufficient training to enable them to get 
the best out of welding by proper design, the use of the 
most suitable material, welding process, and inspection 
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procedure, and an awareness of the difficulties likely to 
be encountered. As a means of keeping this group 
informed of new knowledge, the sending of senior staff 
for refresher courses was advocated. 

There seems to be a measure of agreement that 
specialisation in welding should take place after attain- 
ing a degree in metallurgy or engineering, i.e. by means 
of a post-graduate course. To date the only universities 
in this country to tackle the problem are those of 
Manchester and Cambridge, and it is understood that 
only the former has a course covering the knowledge 
required for the proper discharge of the responsibilities 
of a welding engineer. 

As far as the second group is concerned, the facilities 
available in the past have included schools operated by 
welding equipment manufacturers, a few isolated courses 
at technical colleges, and the summer schools organised 
by the British Welding Research Association. The latter 
were attended by some 250 people each year from 1950 
until 1957, when, as a result of talks between the 
Association and the Institute, the summer schools were 
discontinued in the light of the establishment by the 
latter of the School of Welding Technology. It was agreed 
that the purpose of the new organisation should be the 
provision of technological instruction at a fairly advanced 
level for those holding responsible positions in industry, 
so that they might obtain the most up-to-date informa- 
tion on welding design, fabrication, inspection and 
research. 

Between October 1957 and the present time, thirty 
day and evening courses have been held and have been 
attended by more than 1,600 senior personnel from 
industry, representing a three-fold increase on the 
numbers able to attend the B.W.R.A. summer schools. 
In this period the knowledge and experience of more 
than three hundred lecturers—drawn from industry, the 
universities and the research associations—have been 
made available to course members 

Following his review of the history and present state 
of welding education, Mr. Seymour Semper discussed 
the future, pointing out that the School of Welding 
Technology offers a great opportunity for serving 
British and Commonwealth engineering, and stressing 
the need for it to grow quickly. On the long term 
aspects, the President said there was clearly a need for 
some fundamental welding instruction to be included in 
every general engineering syllabus. He hoped that the 
proposed Advisory Council on Education in Welding 
could be brought into being during the next few months, 
and that it would tackle immediately the task of formu- 
lating a programme which could not only meet the 
demands of the present, but take care of the opportunities 
of the future. 

On the great importance of education in welding to 
the entire engineering industry and to the national 
economy, and the part the Institute of Welding and 
other organisations can play in this matter, the President 
concluded : ** The engineering industry dare not entrust 


a vital group of production techniques to men who are 
handicapped by an incomplete understanding of their 
possibilities and limitations and do not measure up to, 
or indeed overtop, the welding specialists in other 
countries. Our duty as an Institute is two-fold. First, 
we must do all in our power to ensure that this national 
necessity is recognised and understood by the engineering 
industry and by the Government, so that welding is 
brought in at an appropriate place in the education of 
engineers, and so that welding specialists are trained in 
adequate numbers. Secondly, it is our duty to back 
Government policy for technical education to the limit 
of our resources. We have made a start by the creation 
of our School of Welding Technology. What shape it 
will take will depend partly on the contribution to be 


Meeting Diary 


25th-27th November 


Institute of Petroleum and Society of Chemical Industry 
(Corrosion and Chemical Engineering Groups). Symposium 
on * Corrosion Problems of the Petroleum Industry.”’ Federation 
of British Industries, Tothill Street, London, 8.W.1. 


Nov. 25th. Eve of Symposium Reception, Washington 
Hotel, Curzon Street, London, W.1. 6 p.m. 


Nov. 26th 9.30 a.m. to 12.30 p.m. “ Corrosion of Pro- 
duction Equipment and Gathering Lines and its Prevention,” 
by G. A. Ler and G. A. Hatnes; “Corrosion of Marine 
Structures and its Prevention,” by G. T. CoLeGaTe. 

2.30 p.m. to 5.30 p.m. “Corrosion of Tanker Hulls and 
its Prevention,” by J. G. Roprnson and K. FLemine ; Recent 
Developments in the Protection of Pipelines and Storage 
Tanks,” by H. B. Foorner and P. W. HEsELGRAVE. 


Nov. 27th 9.30 a.m. to 12.30 pm. 
in Salt Water Cooling Systems” 
Gitpert and E. Dotan. 

2.30 p.m. to 5.30 p.m “ Non-Destructive Testing,” by L. 
and P. 8. Corren; ‘ Developments in Corrosion- 
Resistant Materials,’ (a) ‘ Metals,” by G. L. Swates; (b) 
“Non-Metallic Materials,” by I. H. Tuomas and T. 8. 
McRoserts. 


* Corrosion Prevention 
(two papers), by P. T. 


25th November 


Institution of Mechanical Engineers. Thomas Hawksley 
Lecture. “The Effect of Nuclear Radiation on Engineering 
Materials,” by Pror. A. H. Corrrert. 1, Birdcage Walk 
Westminster, London, S.W.1. 6 p.m. 

Manchester Metallurgical Society. “ Engineering Aspects 
of Civil Nuclear Power Stations ’’, by B. D. Wirttson. Manches- 
ter Room of the Central Library, Manchester. 6.30 p.m. 


26th November 
Institute of Metals, Birmingham Local Section. ‘A 
Metallurgical Cocktail.”’ by M. A. WHEELER. College of Techno- 
logy, Gosta Green, Birmingham. 6.30 p.m. 


Institution of Mechanical Engineers. Applied Mechanics 


Group Discussion. ‘The Application of Creep Results to 
Engineering Design.”’ 1, Birdcage Walk, Westminster, London, 
S.W.1. 6 p.m. 


Institution of Plant Engineers, Sheffield and District 
Branch. “Some Modern Steels for the Engineer”, by E. 
Jounson. Grand Hotel, Sheffield. 7.30 p.m. 

Southampton Metallurgical Society. ‘“ Hydrogen in 
Steel”, by J. Hewrrr. Engineering Block, Southampton 
University. 7.15 p.m. 


27th November 


Institution of Plant Engineers, Birmingham Branch. 
“Instrumentation in Industry with Particular Reference to 
Control of Temperature, Pressure Flow, Weight, etc.”’, by L. F. 
Couren. Imperial Hotel, Temple Street, Birmingham. 7.30 p.m. 
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made by universities and technical colleges and partly 
on the resources of the Institute. It will be our main 
contribution, but we must also use and indeed make 
opportunities to co-operate with educational authorities 
and other organisations in this tremendous task. It is, 
as I have said, a matter of concern to welding and there- 
fore, to our Institute, but it is a matter of such importance 
that it should not be left to the unaided efforts of an 
Institute which, proud as we are of its achievements, we 
know to be as yet but a youngster among engineering 
institutions. I would plead with the older and established 
institutions and with the Ministry of Education to 
consider whether it is not as much their responsibility 
as ours to ensure that industry has the men it needs to 
weld and to weld well.” 


Ist December 
Institute of Metals, Oxford Local Section. ~ Properties 
and Applications of Semi-Conductor Devices”, by H. M. 
Ertincer. Cadena Cafe, Cornmarket Street, Oxford. 7 p.m. 


Institution of Plant Engineers, Southern Branch. A 
practical Demonstration of Low Temperature Welding Methods, 
Followed by Discussion. Wm. R. Selwood, Ltd., Plant Depot, 
Chandler's Ford. 7 p.m. 

Sheffield Metallurgical Association. “Clean Steel’, by 
K. C. Barractoucn. B.1.S.R.A. Laboratories, Hoyle Street, 
Sheffield, 3. 7 p.m. 


2nd-3rd December 


The Iron and Steel Institute, Autumn General Meeting. 
Great Hall, Caxton Hall, Westminster, and Hoare Memorial 
Hall, Church House, Westminster. (See News and Announce- 
ments Section, pp. 161-164). 


2nd December 


Institute of Welding, Manchester and District Branch. 
A panel of experts will answer “ Questions about Welding ”’, 
Reynolds Hall, Manchester College of Science and Technology. 
Sackville Street, Manchester. 7.15 p.m. 


3rd December 


Institute of Metals. Joint Meeting with the Bristol 
Section of the Society of Chemical Industry. “ Beryllium 
Metal: Production Properties and Applications ”, by Dr. G. A. 
WoLsTENHOLME. Department of Chemistry, The University, 
Woodland Road, Bristol. 

Institution of Metal Finishing, North Western Centre. 
Embrittlement Plating’, by A. W. Stater. Engineers’ Club, 
Albert Square, Manchester. 7.30 p.m. 

Institution of Plant Engineers, London Branch. ~ An 
Introduction to Electronic Data Processing ’’, by Dr. H. A. 
Tuomas. Royal Institution, 21, Albemarle Street, J ondon, W.1. 
7 p.m. 

Leeds Metallurgical Society. 
Flight", by I. L. G. 

Liverpool Metallurgical Society. ‘ Basic Aspects of Metal 
Fatigue’, by Dr. T. Broom. Library of the Dept. of Metallurgy, 
The University of Liverpool, 146, Brownlow Hill, Liverpool, 
3. 7 p.m. 


* Materials for Supersonic 


4th December 


Institute of Welding. Conversazione, Theme 
in Hand”, 54, Princes Gate, London, S.W.7. 
Admission by Ticket. 


Work 
4 p.m.-8 p.m. 


8th December 


Institute of Metals, South Wales Local Section. Discus- 
sion on * The Study of Metallurgy Contributions’, by Pror. 
A. R. E. Stncer, Pror. E. 8. SELLERS, Pror. R. H. MACMILLAN 
and M. R. Horxrys. Royal Institution, Swansea. 7 p.m. 

Institute of Welding, Slough Section. * Low Temperature 
Welding and Brazing’. Lecture Hall, Community Centre, 
Farnham Road, Slough. 7.30 p.m. Light refreshments served 
from 7 p.m. 

Sheffield Metallurgical Association. Gemstones 
by T. Jones. B.1.S.R.A. Laboratories, Hoyle Street, Sheffield, 3. 


7 p.m. 
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Sir Hans Sloane's collections. 


The Metal Called Columbium or Niobium 


By M. Schofield, M.A., B.Sc., F.R.I.C. 


This year marks the 200th anniversary of the opening of the British Museum founded on 
Among the many mineral specimens was one which, in 


the hands of chemist Charles Hatchett, became known as columbite and began the struggle 


S sister element to tantalum, the newcomer to 
metallurgy named columbium in America and 
niobium in Europe, is of particular interest this 

year. It was just 30 years ago that the Fansteel Metal- 
lurgical Corporation produced the first workable colum- 
bium, a rare metal with a future, it was predicted, pro- 

vided sufficient sources of the metal could be found. 

Then, with the 200th anniversary of the opening of the 
British Museum, there comes to mind that historic 

Specimen No. 60309, a rocky mineral which became 
named * columbite”’ from the country of its origin. 

The specimen, collected long ago in the bed of a stream 
by John Winthrop, Governor of Connecticut, and sent 
by his grandson to Sir Hans Sloane, F.R.S., was included 
among the many minerals, precious metals and stones 
which, together with Hans Sloane’s books and works of 
art, formed the nucleus of our national museum. 
Winthrop’s mineral lay there for decades until the 
chemist Charles Hatchett had the curiosity to analyse it 
and detect a new element to be present. ‘‘ Columbium ” 
is a name naturally expected from ‘ columbite,”’ yet 
when Heinrich Rose proved the new element different 
from tantalum, with which it is so closely associated, he 
called it * niobium,’ from Niobe, daughter of Tantalus 
in Greek mythology. Niobe was the goddess of tears, so 
that “niobium” is appropriate in suggesting all the 
tears shed by metallurgists and chemists in harnessing 
this “‘ difficult ’’ metal, just as “‘ tantalum,” the tanta- 
lising metal also so intractable, is well named after the 
god who suffered such agony from unfulfilled hopes. 
While “beryllium” has ousted glucinum”’ after 
Klaproth’s banishing of such a sugary name, in the 
publications of the two hemispheres we still have the 
obstinate use of either columbium or “ niobium,” 
regardless of the decision of the International Union of 
Chemistry to revive the German chemist’s “ niobium.” 


British Discovery 


With columbium (or niobium) first detected by a 
British chemist, and with the adoption of the metal by 
the United Kingdom Atomic Energy Authority for fuel 
element sheaths, since seamless tubing has been success- 
fully wrought and proved superior in resisting uranium 
and liquid sodium as coolant, it is absorbing to follow 
the history of this rare metal. The opening chapters 
rival fiction, for the discoverer—Charles Hatchett, 
F.R.S.—was the son of a famous Long Acre coach- 
builder, a chemist who crammed into one decade (1796 
1806) his brilliant analyses of minerals, mineral waters, 
and anything that took his fancy, all before retiring as a 
rich man to his Roehampton estate. As historian 


Thomas Thomson dolefully put it : ‘ this accomplished 
man has been lost to science’ due to “the baneful 
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to win an intractable metal. 


effects of wealth and a lucrative and extensive business.”’ 
Hatchett studied dental enamels, made complete 
analyses of a lead molybdate from Carinthia, investi- 
gated the properties of molybdie acid, and in his stride 
turned his attentions to the “ small dark heavy specimen 
rather like Siberian chromate of iron,’ a mineral among 
the British Museum collection Hatchett was arranging. 
John Winthrop had collected many minerals from the 
mines of Massachusetts and elsewhere, but none more 
complex than this columbite, which contained columbic, 
tantalic, titanic and tungstic acids, together with some 
zirconia, thoria, ceria and yttria. Hatchett fused the 
ore with potassium carbonate, extracted the melt with 
boiling water, removed the brown residue, and added 
nitric acid to the yellow filtrate to yield a white precipi- 
tate. He was unable to go further and reduce his crude 
columbium oxide or columbic acid, yet Hatchett noted 
something new in the olive-green prussiate formed with 
potassium ferrocyanide and an orange gallate prepared 
by using tincture of galls. Hatchett also described his 
unsuccessful attempts to reduce the oxide of the unknown 
metal which retained oxygen so tenaciously. The results 
were published in a paper of 1801, read before the Royal 
Society, describing the “ Analysis of a Mineral from the 
North America containing a Metal hitherto Unknown,” 
while the following year Hatchett, in Nicholson's Journal 
and Crell’s Annalen, gave further “* An Outline of the 
properties and habitudes of the metallic substance 
lately discovered by Charles Hatchett, Esquire, and by 
him denominated columbium.” 

In 1802, there also came a discovery linked with the 
columbium story, yet one not appreciated as such for 
more than forty years. This came when Ekeberg. 
chemist and mineralogist and son of a Swedish ship- 
builder, analysed two minerals, one a tantalite from 
Finland and the second an yttrotantalite from Ytterby, 
and found them to contain an unknown metal which he 
called ‘‘ tantalum,”’ because of the tantalising effort to 
trace its presence. Both Hatchett and Ekeberg possessed 
a high order of analytical skill in dealing with such 
complex minerals, having regard to the standard of 
chemistry in their day. In contrast, was Wollaston’s 
failure in 1809 to note the difference between columbium 
and tantalum when he analysed specimens of columbite 
and tantalite, his conclusion that the two elements were 
identical being unworthy of the chemist who became 
father of powder metallurgy with his large-scale working 
of malleable platinum. 


Separation from Tantalum 
So Hatchett’s tests for columbic oxide were ignored, 
and it was not until 1846 that Heinrich Rose of Berlin 
made a full study of columbites and tantalites from 


America and from Bavaria, and set going the struggle 
to separate the two elements. Rose prepared two acids 
he named niobie and pelopic acids; discovered later 
that his pelopic acid was an oxide of niobium in a lower 
valency ; and differentiated both these oxides or acids 
from tantalic acid. In 1866, De Marignac, Swiss chemist 
noted for his discovery of ytterbia and gadolinia, clinched 
the matter, not only by showing that columbium has two 
valencies 3 and 5, in contrast to the pentavelency of 
tantalum in all compounds, but in actually separating the 
two acidic oxides by use of a method still in use today, 
viz, one depending on the insolubility of potassium 
fluotartalate in contrast to potassium fluo-oxycolum- 
bate. The two papers of De Marignac on his “ Récherches 
sur les combinaisons du niobium ” and ** Récherches sur 
les combinaisons du tantale ’’ represented the turning- 
point in efforts to separate the two closely associated 
elements. 

It was not until 1864 that the first crude sample of 
columbium metal was prepared by C. W. Blomstrand in 
his researches on “the acids of the Tantalum group 
minerals,’’ published later in the Journal fiir Praktische 
Chemie. Blomstrand heated the chloride of columbium 
in a current of hydrogen and produced an impure steel- 
grey metal. Then, at the beginning of the 20th century, 
Henri Moissan entered the search with his electric fur- 
nace, in which he prepared so many “ difficult ’’ sub- 
stances. Moissan first ground some American columbite 
with sugar charcoal, compressed the mix, and at the 
temperature of his furnace volatilised manganese and 
some iron and silicon to yield columbium contaminated 
with tantalum and some carbon. By using Marignac’s 
separation technique, Moissan improved on this, a pure 
columbic acid being compressed with sugar charcoal and 
turpentine and reduced in the reaction : 

Cb,0, + 5C-+ 2Cb + 5CO 

Moissan’s reduction process, published in the Comptes 
rendus ir. 1£01, gave a small fused ingot of the metal, 
though again containing some carbon, and brittle enough 
for him to believe columbium non-metallic. The first 
pure sample of columbium metal came from the work of 
Werner vor Bolton, of the Siemens-Halske concern in 
Berlin. This emirent German metallurgist was ever 
searchirg for lamp filaments in place of the carbon 
filament of Swan and Edison. Before tungsten came to 
dominate the filament field, von Bolton found tantalum 
as metal filament one solution to his problem, even 
though tantalum filaments could only be used with 
direct current, otherwise the metal “ crystallised.”” Von 
Bolton’s search not only brought the extraction of 
tantalum from a molten fluoride bath, but also his 
specimen of pure columbium prepared by the alumino- 
thermic process and purified by repeated melting in a 
vacuum furnace, a specimen which remained the only 
pure columbium sample in the world for 23 years. 
Finally, just £0 years ago, Dr. C. W. Balke of the Fan- 
steel Company, who in 1922 had pioneered the industrial 
production of tantalum, prepared columbium in a 
workable form for commerce. 


Commercial Production Methods 


One and a half centuries after Hatchett’s discovery, 
the present stage of development of columbium (or 
niobium) from the metallurgical point of view provides 
an absorbing study. Columbite ore, a columbate- 
tantalate of iron, often with manganese, is now a by- 


product of Nigerian tin mining, and is so named when 
columbium is in excess, while ‘* tantalite ”’ is the corres- 
ponding name when tantalum is more in prominence. 
While reduction by carbon in the electric furnace is 
commonly used when columbium is to be alloyed in 
chromium steels, in austenitic stainless steels, or in 
alloys for jet engines and gas turbines, the ore has to be 
processed chemically as a step to producing pure metal. 
After a caustic soda fusion to remove silica and acidic 
constituents, followed by an acid extraction to remove 
iron and manganese, the extract is converted to potas- 
sium fluotantalate and fluocolumbate for separation as 
first used by De Marignac. Columbium metal is then 
produced by heating the carbide with oxide, thus im- 
proving on Moissan’s reduction method : 
5 CbC + Cb,0,+ 7 Cb + 5CO 

From this point, massive columbium is prepared as with 
tantalum, in that a vacuum sintering is used, the powder 
being compressed into bars which are then held in water- 
cooled terminals for resistance heating in a vacuum 
furnace. Massive columbium of high density and fairly 
free from porosity is always cold-worked, as with 
tantalum, for heating does not increase ductility, while 
any exposure to air or common gases embrittles the 
metal. Yet, unlike tantalum, the sister metal does not 
become brittle on exposure for short periods, for the 
adherent surface oxide film protects the metal until 
temperatures exceed the 200°C. at which oxidation 
begins. In an oxy-gas flame, columbium does not take 
fire as does tantalum, while when first oxidised and then 
taken to 1,000°C. in a vacuum furnace, columbium 
regains its bright steel-grey appearance. After a fifteen 
years exposure to atmospheric corrosion in tests carried 
out at the Fansteel research laboratories, tantalum was 
completely unaffected while columbium had a slight 
tarnish. 


Applications 


Coming now to industrial columbium, the lag in 
applications compared with versatile tantalum is still in 
evidence, this being an outcome of von Bolton's finding 
tantalum the answer to his quest for metal filaments for 
lamps. Until the recent use in the atomic energy field, 
columbium sheet, rod and wire had found few outlets, 
even though the metal became fully workable 30 years 
ago. Upto 1°, columbium additions have been made to 
some chromium steels to reduce air-hardening effects 
and to improve creep- and heat-resistance, while a 
further small-scale adoption came in austenitic stainless 
steels and in the chromium-aluminium nitriding steels, 
to increase the rate of thickening of the nitrided layer. 
There have been columbium additions to alloys for jet 
engines and gas-turbines where high temperature resis- 
tance is essential, and in one or two non-ferrous alloys 
such as Ceraluminium and special coppers or brasses, 
other efforts to utilise columbium have been reported. 
Pure columbium as alternative to tantalum, being 
cheaper weight-for-weight, has also suggested possible 
uses, while one other example is as an efficient * getter ” 
for removing traces of gases in high vacuum electronic 
tubes, where “ keeping”’ properties for such gaseous 
traces are first-rate at lower working temperatures than 
those at which tantalum scores. The next chapter in 
columbium history should be interesting, a worthy 
successor, it is to be hoped, to those highlights which 
followed Charles Hatchett’s curiosity regarding a black 
mineral specimen in the Bloomsbury treasure house. 
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Mechanical Properties Obtainable by Precipitation- 
Hardening Treatments in a Range of 
Copper-Aluminium-Cobalt Alloys 
By J. P. Dennison, B.Sc., Ph.D. 


Lecturer in Metallurgy, University College, Swansea, Glamorgan 


The results of determinations of tensile strength, 0-1°,, proof stress, elongation and hardness of copper 


—6-5% 


aluminium alloys, containing 0-5, 0-75, 


‘0, 1-2 and 1-4%, cobalt, respectively, are 


reported. Effects of solution treatment and of time and temperature of precipitation treatment have 
been studied in relation to the above properties and to microstructure. 


PREVIOUS publication’ noted the effect of time 

of ageing at 400° C. on the mechanical properties 

of a solution treated copper-base alloy containing 
6-03°, aluminium and 1-37°,, cobalt. The temperature 
chosen was that at which maximum hardness was 
developed. The results indicated that a useful combina- 
tion of properties could be obtained by varying the time 
of ageing. Rather long times were necessary to produce 
maximum hardness, due mainly to an appreciable 
incubation period during which the properties changed 
only very slowly. The relatively rapid change in proper- 
ties in the later stages of ageing meant that, if the 
material were to be produced commercially, the only 
practicable heat treatment to obtain reproducible results 
would be to age to maximum hardness. In this condition 
the elongation was relatively low. 

In the present work an attempt has been made to 
determine the heat treatments necessary to produce 
the optimum combination of properties obtainable in 
reasonable times of ageing for a range of ternary copper- 
aluminium-cobalt alloys maintaining a nominal alumi- 
nium content of 6-5°, The latter figure is sufficiently 
high to enable all fabrication and heat treatments to be 
carried out in air without appreciable surface deteriora- 
tion. 


Experimental Procedure 

Fabrication 

The alloys listed in Table I were cast in the form of 
small ingots and subsequently forged to bars of approxi- 
mately | in. by 0-5 in. section. The bars were then hot 
rolled at an initial temperature of 900° C. to approxi- 
mately 0-2 in. thickness, annealed at 850° C., straightened 
and machined free from scale or laps, and finally cold 
worked to strip approximately 0-1 in. thick. 


TABLE I—COMPOSITION OF ALLOYS 
Composition (%) Actual Composition (%) 


Ke- 


Al Co Ou Al Co Fe Ni oe 
6-5 0-50 92-46 6-74 0-53 0-10 0-10 0-07 
6-5 0-75 92-34 6-63 0-75 0-13 0-08 | 0-07 
6-5 1-00 92-11 6-69 0-99 0-07 0-03 
6-5 1-25 91-93 | 6-60 1-20 0-12 0-09 0-06 
6-5 1-50 91-82 | 6-52 1-42 0-09 0-10 0-05 
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Test pieces were prepared by cutting with a fine band 
saw, using a standard jig, followed by filing and emerying 
to size. The specimens had an overall length of 4-25 in. 
with a 2 in. gauge length 0-25 in. wide along the parallel 
portion. All results reported were obtained on an 
Amsler 5-ton Universal testing machine, 0-1% proof 
stress measurements being made by means of a Houns- 
field extensometer. Elongation is reported as total 
percentage elongation on the 2 in. marked gauge length. 


Heat Treatment and Structure 

An initial range of experiments was carried out on 
specimens 0-1] « 0-5 x 9-5 in., cut from the original 
strip, to determine the effect of solution treatment time 
and temperature on the structure, initial hardness and 
grain size. These specimens were solution treated for 
varying periods up to a total of 20 hours at intervals of 
25° C. in the range 850-975° C., each alloy being treated 
at four temperatures in this range. Vertical furnaces 
were employed and heat treatment was followed im- 
mediately by water quenching. The results are shown in 
Table II. Grain counts were made after the specimens 
had been treated for 20 hours. In all cases the average 
grain counts of the alloys in the completely single phase 
condition fell within the range 5-10 grains per linear 
mm. When complete solution was not achieved, very 
irregular grain sizes resulted, the finest grains were of 
the order of 0-02 mm. to 0-01 mm. in diameter, but in all 
cases some coarse grains of up to 0-2 mm. diameter were 
present. It appears that, within the range of tempera- 
tures chosen, the rate of grain growth in the a solid 
solution with either time or temperature is relatively 
slow once recrystallization has occurred. One specimen 
of each of the alloys was solution treated for 1 hour at 
1,000° C. ; the resulting hardnesses were comparable to 
those reported at lower temperatures, but considerable 
grain growth took place in the alloys containing 0-5, 
0-75 and 1-0°, cobalt, respectively, resulting in average 
grain counts of the order of 1-2 grains per linear mm. No 
significant grain growth took place in the specimens 
having higher cobalt contents. 


Preliminary Age-Hardening Experiments 


To obtain an approximate guide to the subsequent 
heat treatment of specimens for mechanical property 
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Aged at 500°C. 


Fig. 1.--Properties of solution treated alloys containing 
0-5, 1-0 and 1-4°, cobalt, after ageing for the minimum 
time to attain maximum hardness at various tempera- 

tures. Fig. 2. 


Closed Points Aged at 450 C. 


Effect of time of precipitation treatment on the 
properties of an alloy containing cobalt and 6-5°, 
aluminium, solution treated 2 hours at 870°C. 

tests, specimens similar to those employed in the initial 
solution treatment experiments were employed to con- 
struct graphs of Vickers hardness against time of ageing hardness values were in the range of 10-30 points V.P.N. 
at 400, 450, 500, 550 and 600° C. Each alloy was tested lower than when the same alloy had been fully solution 
after solution treatment at each of the four temperatures _ treated. | 
‘mployed for the alloy concerned in results reported in ; . 
Table II. The time of solution treatment was 20 hours esults of Mechanical Property Tests 
in all cases. From a consideration of the above results and those 

The results of these ageing tests showed that, providing reported in Table II., it was decided that for the majority 
the material was obtained in the single phase condition, of mechanical property tests the solution treatment 
the influence of solution treatment temperature on rate temperature employed should be approximately 20° C. 
of hardening or time to reach maximum hardness was above that at which a completely single phase alloy 
negligible within this range of temperature. Duplex could be obtained in a reasonable period, i.e. 870, 900, 


material aged at appreciably slower rates and maximum 920, 950 and 980° C. for the nominally 0-5, 0-75, 1-0, 
TABLE I.—EFFECT OF SOLUTION TREATMENT ON HARDNESS AND MICROSTRUCTURE 
Treatment Details | O-5 0-75 1-0 1-25 1-5 
Temperature Time Hardness Micro- Hardness | Micro- Hardness | Micro- Hardness Micro- Hardness | Mic ro- 
CO) | (hr.) (V.P.N.) structure | (V.P.N.) | structure (V.P.N structure (V.P.N.) structure (V.P.N.) structure 
1 73 Duplex® 99 Duplex 
850 5 66 Alphat 103 Duplex — 
20 66 Alpha 103 Duplex - } — _ 
1 7 Alpha 88 Duplex 95 Duplex 108 | Dup sex x _ 
875 5 65 Alpha &5 Duplex 100 Duplex 4 | Duplex | | _ 
20 65 Alpha 72 Alpha 90 Duplex 96 Duple: x — 
1 | 67 Alpha 72 | Alpha Duplex Dupiex 105 Duplex 
900 5 64 Alpha 70 Alpha 75 Duplex M4 Duplex 98 Duplex 
20 66 | Alpha 69 Alpha 68 Alpha 82 _Duplex x 90 Duplex 
1 63 Alpha 69 Alpha 6s Alpha 80 “Duplex x 97 | Duple x 
925 5 63 Alpha 65 Alpha 65 Alpha 72 Duplex 90 Duplex ° 
20 5 Alpha 67 Alpha 65 Alpha 65 Alpha 90 Duplex ° 
1 ~ 65 Alpha 68 Alpha RS Duplex 
r 950 5 63 Alpha 66 Alpha 83 Duplex 
20 - 63 Alpha 62 | Alpha 72 Alph: 1 
1 ~ 68 “Alpha. 
975 5 — 66 Alpha 
20 _ = 66 Alpha 
* Duplex structure at a magnification of x 1,500 


+ Single phase solid solution at a magnification of x 1,500 
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Fig. 3.-Effect of time of precipitation treatment on the 


properties of an alloy containing 0-75°,, cobalt and 6-5°, 
aluminium, solution treated 2 hours at 900° C. 


1-25 and 1-5°, cobalt alloys, respectively. The time 
of solution treatment could then be kept constant at 
2 hours. 

Average grain counts on specimens treated in this way 
all fell within the range 5-10 grains per linear mm., all 
specimens were completely single phase before ageing, 
and all had as.quenched hardnesses in the range 62-72 
V.P.N. 

Mechanical test specimens of the 0-5, 1-0, and 1-4°, 
cobalt alloys were solution treated and aged to the 
maximum hardness attainable at temperatures in the 
range 400-600° C., for which the times of hardening had 
proved suitable (not greater than 1 week nor less than 
5 minutes). The mechanical properties obtained are 
recorded in Fig. | whilst the times to reach maximum 
hardness are shown in Table III. 

From consideration of Fig. 1, the optimum combina- 
tion of properties obtainable in this series of alloys 
appears to result from heat treatment in the range 
450-500" C. A series of specimens of each alloy was 
then solution treated and aged for varying times at 
450° C. and at 500°C. The results of these tests are 
shown in Figs. 2-6. The average grain counts of all these 
specimens fell within the range 5-10 grains per linear mm. 

Additional tests were made on specimens solution 
treated at temperatures below those at which completely 
single-phase structures were obtained. There was a 
considerable lack of reproducibility in the results ob- 
tained, particularly for elongation values. This was 
thought to be due to the irregular grain size. In no case 
were the properties for a given hardness superior to those 
for an originally single phase specimen of the same alloy 
and equivalent hardness. 

Specimens of the 0-5, 0-75 and 1-0°, cobalt alloy 


TABLE IIl.—-TIME TO REACH MAXIMUM HARDNESS AT VARIOUS 
TEMPERATURES 
Cobalt 
Content Time to Reach Maximum Hardness (hr.) at 
(%) 4007 0, 450° How ¢ 550°C 600" Cc. 
1 4 30 2 0-75 O-75 
1-0 130 8-3 1-5 0-33 
26 5-3 1-0 0-25 
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Fig. 4._-Effect of time of precipitation treatment on the 


properties of an alloy containing 1-0°, cobalt and 6°5° 
aluminium, solution treated 2 hours at 920 C. 


aged to maximum hardness at 500°C. after solution 
treatment at 1,000° C. for | hour (grain counts 1-2 grains 
per linear mm.) had hardness, tensile strength and proof 
stress values comparable with those obtained after 
normal solution treatment and equivalent ageing, but 
the elongation was reduced to less than 5°, in all cases, 
Micro-examination 

In specimens aged at temperatures up to and including 
500° C., no precipitates were visible 1,500, apart 
from the thickening of grain boundary regions. At 
higher temperatures it was just possible to resolve 
particles of a regular lattice precipitate at this magnifica- 
tion. 

Whilst in Fig. 2 it is shown that overageing the 0-5°,, 
cobalt alloy results in an increase in ductility, for the 
0-75°, cobalt alloy a constant value is attained (Fig. 3) 
and for the 1, 1-2 and 1-4°,, cobalt alloys ductility falls 
continuously with time of ageing (Fig. 4—). 

Examination of the fractures in overaged specimens 
of the three latter alloys showed the presence of inter- 
granular cracks in the region of fracture. Similar cracks 
were evident in the specimens which had been solution 
treated at 1,000° C. Arepresentative number of fractures 
of all specimens was then examined, no further cases of 
intergranular cracking being observed. 

Discussion of Results and Conclusions 

For all the ternary copper-aluminium alloys within 
the range of compositions investigated, it appears that 
the optimum combination of properties is obtained by 
ageing originally single phase material at temperatures 
within the range 450-500° C. A slight increase in tensile 
strength and 0-1°, proof stress is obtainable by ageing 
at 400° C., at the expense of an appreciable decrease in 
ductility. Providing the original solution treatment 
temperature does not exceed the temperature at which a 
completely single phase solid solution can be obtained by 
more than approximately 75°C., there is a negligible 
effect on grain size developed during treatment, and the 
resulting properties are not significantly affected by the 
solution treatment temperature chosen. The response 
to ageing and subsequent mechanical properties of 
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Fig. 5.—-Effect of time of precipitation treatment on the 
properties of an alloy containing 1-2°, cobalt and 6-°5°,, 
aluminium, solution treated 2 hours at 950°C. 


specimens not fully solution treated are in all cases 
inferior to those of originally single phase material. 
Ductility is impaired by overageing in alloys con- 
taining more than 0-7°%, cobalt ; such overageing can 
be produced by too long an ageing period, where hardness 
falls below the maximum value, or by the use of tempera- 
tures in excess of 500° C., where ductility at maximum 
hardness is considerably lower. The development of a 
coarse grain size by the use of very high solution treat- 
ment temperatures also markedly reduced ductility. 


As noted previously, in all these cases of reduced 
ductility there were intergranular cracks in the region of 
final fracture. These cracks resembled the tripoint type 
observed under high strain rate creep tests, and may be 
due to the existence of an impoverished solid solution in 
the neighbourhood of grain boundaries caused by more 
extensive precipitation in such regions. If the degree of 
supersaturation in the solution treated state is reduced, 
as with the 0-75 and 0-5%, cobalt alloys, the effect ot 
such preferential grain boundary precipitation becomes 
less significant. Even with high ageing temperatures, 
as shown in Fig. 1, the ductility of the 0-5°, cobalt alloy, 
as aged to maximum hardness, continues to increase with 
increase in temperature, whilst the ductilities of the 
higher cobalt alloys show maxima in the region 450- 
500°C. It appears that a very coarse grain size accen- 
tuates any tendency to form intergranular cracks, the 
formation of the latter being the cause of reduced 
ductility. 

As it appears impossible to produce a uniform fine 
grained structure by incomplete solution treatment, the 
initial treatment for alloys of this type should consist of 
reheating at a temperature just sufticient for complete 
solution to be obtained in a convenient period, followed 
by rapid cooling. It was previously discovered! that for 
an alloy containing 6-03°, aluminium and 1 -37°, cobalt, 
air cooling of specimens not exceeding 4 * 1 x 0-1 in. 
did not have a significant effect on their hardness as- 
solution-treated, nor on subsequent properties developed 
by ageing. With lower cobalt contents the advantage of 
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Fig. 6.—-Effect of time of precipitation treatment on the 
properties of an alloy containing 1-4°,, cobalt and 6°5°, 
aluminium, solution treated 2 hours at 980° C. 


air cooling or of intermediate rates of cooling could be 
obtained with larger specimens. 

With all the alloys concerned, the rate of change in 
hardness prior to reaching maximum hardness would 
probably preclude the possibility of using partially aged 
material for industrial purposes, as it would be difficult 
to obtain reproducible results. However, reasonably 
high ductilities can be obtained with maximum tensile 
strength for the alloys of lower cobalt content, and the 
deterioration in properties due to overageing is much less 
serious. 

It can be concluded that the most useful alloys within 
this range contain from 0-5 to 1°% cobalt, little improve- 
ment in properties being obtained with further addition 
of this element. Heat treatment of such alloys would 
involve solution treatment (for previously hot worked 
material) for 1-2 hours in the range 870-920° C., the 
temperature used increasing with cobalt content. Ageing 
should be carried out within the range 450-500° C., and 
should be for a period sufficient to develop maximum 
hardness in the material concerned. 
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A NEW company to represent the Firth Cleveland Group 
in the United States has been formed in New York. 
Known as Firth Cleveland Incorporated, it has offices 
at Lincoln Building, 60 East 42nd Street, New York. A 
second new company has been formed as a subsidiary of 
Firth Cleveland Inc. It is Surform Incorporated which, 
as its names suggest, will be responsible in the U.S.A. for 
distribution of Surform and Surcut hand tools. 
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Scientific Controls in Works 


By Dr. L. H. Callendar, F.R.I.C., F.I.M., D.L.C., A.R.C.S., B.Sc, 


A remarkable change has taken place in recent years in the attitude of works personnel to the 
scientific and technical staff but, human nature being what it is, there still lingers in some 


quarters a distrust of the“ chap from the lab.” 


In this article the author relates some of his 


experiences in the field of scientific control, and suggests ways in which the distrust may be 
dissipated. 


BOUT seventy years ago my father, the late Prof. 

H. L. Callendar, C.B.E., F.R.S., helped introduce 

the first accurate temperature control methods into 

industry. This was by means of platinum thermometers, 

which he had invented in 1886,’ and was at one of the 

Mond works in 1890-1, as recollected later by Sir Robert 
Mond.? 

The next stage was the first accurate determination of 
the melting points of gold and silver by arrangement 
with Prof. Roberts-Austin at the Mint, using similar 
platinum thermometers. And _ following this Sir 
Lowthian Bell used a Callendar direct-reading tempera- 
ture indicator with platinum pyrometers on his blast 
furnaces to ascertain the temperature of the escaping 
gases and the blast; some of the wires connecting the 
indicator near the office to the furnaces in the works were 
200-300 yd. long.* 

Metallurgy took a great step forward with the intro- 
duction of the platinum resistance thermometer. Before 
this the determination of the melting point of a common 
metal, such as zinc, varied by more than 100°C. ; 
afterwards, temperatures could be determined to within 
0-1°C., up to 1,000°C. In their pioneer work on the 
thermal properties of metals and alloys, Heycock and 
Neville® used platinum thermometers, and their work 
has provided a standard to aim at for all later workers in 
physical metallurgy. 

The next scientific control instrument of great 
importance to the metallurgical industry was the tem- 
perature recorder patented by Prof. Callendar in 1897. 
It was the first electrical instrument using the servo 
principle” and thus the parent of hundreds of thousands 
of similar and derivative instruments used all over the 
world today. This greatly extended the use of tempera- 
ture control methods and, as an example, Lysaght’s big 
sheet steel works at Newport, Mon., had sixty-five of 
these original recorders operating with platinum thermo- 
meters controlling their furnaces, some of them for 
nearly fifty years. These three original instruments, 
the thermometer, the indicator, and the recorder, were 
all manufactured by the Cambridge Instrument Company. 

Today, for temperature measurements in works, the 
less accurate but more robust and cheaper instrument, 
the thermocouple, is used. Pioneer developments on 
these instruments were due to Le Chatelier in France and 
Heraeus in Germany. At the same time, Callendar at 
Cambridge had tested against platinum resistance 
thermometers and advised on the use and limitations of 
the then available metallic couples, including platinum 
platinum-rhodium alloy, and his results were given to 
the 1899 British Association meeting in a paper entitled 
‘A Practical Thermometric Standard.’ In 1928 the 
platinum resistance thermometer was adopted as the 
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World Standard for the accurate measurement of 
temperatures from -—-190° C. to +-660° C., and platinum 
platinum-rhodium as the standard from 660°C. to 
1,.063° C. 

One can well imagine that in those early days, when 
everything was empirical, it was extraordinarily difficult 
to introduce anything scientific into works, quite apart 
from the fact that the workmen themselves not in- 
frequently purposely damaged the instruments. Yet 
even in more recent times, some thirty years ago the 
motor industry failed to support its own Research 
Association, and one of the biggest metal companies. when 
appointing its first qualified metatlurgist, so little 
believed in the value of science that it offered him only a 
nominal wage and no apparatus “ until he could show 
them something in £s. d.”’ This man saved up to buy a 
microscope for his work and during the next twenty 
years so successfully proved the value of science to 
industry that, today, the laboratory which he founded is 
one of the finest in the country. 

As a result of two wars, the position of science in 
industry has entirely changed. Most people believe in it, 
though there are a few outside the magic circle who are 
slow to adopt scientific methods because they are a little 
afraid of it. It is believed that the following re-statement 
of the application of science to industry based on forty 
years’ experience in metallurgical, chemical and engineer- 
ing works will be of help to all progressive industrialists. 


The Function of Science 

The function of science in the works is to control and 
improve : to control the processes as they are, so that 
either they do not go wrong, or if they do they are quickly 
put right ; and to improve and develup the process and 
product wherever necessary, according to the require- 
ments of customers and the demands of finance, and to 
meet competition. Scientific control provides both the 
basis and the means for each new advance, for it stabilises 
current production by reducing breakdowns to a 
minimum, thus allowing the funds and the time for the 
experimentation necessary for the next development. 

For convenience of discussion, scientific control may be 
divided into four sections as follows :— 

(1) Raw materials 

(2) Processes in the works 

(3) Finished products 

(4) Research into the underlying theory of works 

processes with a view to further developments and 
improvement 3 
Raw Materials 


The contro! of raw materials is the easiest and most 
obvious work of the scientist in industry. There is an 
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enormous range of materials in different industries, and 
the control method varies considerably according to the 
material. It may involve chemical, physical, electrical, 
mechanical, ete., tests: the actual tests used must be 
rapid and reliable, with accuracy carried only to the 
degree required. Thus, it is a waste of time to analyse 
down to 0-0001°,, of an impurity if service tests show the 
product is unaffected by less than 0-O1°,,. 

The materials control is usually effected through the 
works laboratory, possibly in conjunction with the 
inspection department. If the laboratory control is to 
he of real value for stabilising the products of the works, 
there are two fundamental points to keep in mind. 
First, the laboratory must create in the works—in the 
minds of the works staff—absolute confidence in its 
results ; to do this it must never be wrong. Since even 
the best of chemists are human and occasionally make 
mistakes, it is essential that wherever one of the chemists 
reports a material to be wrong, it must be checked, using 
a new sample, by another chemist before holding up the 
material ; secondly, if the material is really outside 
specification, returning it to the supplier should not be 
advised if it can be mixed off, for repeated rejections 
cause delay and may raise prices. Such rejections may 
mean the specification is too narrow, and it is, therefore, 
advisable to reconsider its requirements to see if any 
revision is possible. 

Another difficulty in the control of raw materials lies 
in the desirability of having the samples tested before 
they are used. Storing materials costs money, so that 
nowadays there is an increasing tendency to order only 
for immediate requirements, and the materials come 
into the works for use almost immediately on arrival. To 
avoid the contretemps of having the materials used before 
they are tested, the laboratory should study the use of 
the most rapid tests possible, and, furthermore, should 
try to get the supplies of all materials to a fixed specifi- 
cation (tested and guaranteed by suppliers). 


Process Control 


The simplest form of process control consists of taking 
samples at various stages of manufacture and testing 
them by chemical or other methods, the prime essential 
being that the sampling tests should not hold up 
production. With modern methods of conveyor belt 
assembly, control of the product often becomes very 
difficult, but this is to some extent off-set by the tendency 
of the repetition worker to notice slight changes in so far 
as they affect his output. Generally, when advocating 
changes in works processes, it is best to get the other 
fellow to suggest, or at least think that he has suggested, 
the change himself; his co-operation will then be 
assured. 

All things change of themselves in a works, these 
changes occurring in spite of all regulations to the 
contrary. They are made by the workmen or the fore- 
men or some other unauthorised person. This danger of 
unauthorised persons modifying processes should be 
guarded against most carefully. Even the smallest 
change of detail in process or procedure in the works 
should not be permitted without the written consent of 
the technical manager or his representative. In fact, the 
modification of any process should be forbidden to anyone 

including the works manager—without the technical 
manager's knowledge and agreement. 

Almost always the motive is to save trouble or to save 
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time because of production pressure. Most of such 
changes are bad, because the person making the change 
does not understand the relation of the item changed 
to the whole operation concerned, but sometimes the 
changes may be good. In any case it is necessary to find 
out who authorised the change and what was the reason 
for it. Unless it is obvious that the change is, on the 
whole, advantageous, it should be reversed and the 
person making the change told why he must not make 
such changes again. The following is an example of such 
a change, which was purely harmful, being made in a 
large works. 

There were twenty-four large moulds being used for 
casting aluminium slabs. Temperatures had been 
carefully adjusted so that if the moulds were always filled 
in the same order, they could be emptied and have time 
to cool somewhat before the next pour occurred. By a 
surprise visit in the night shift, it was found that only 
half the moulds—those nearest the furnace—were being 
used, and this was the reason for a large amount of poor 
quality sheet having been obtained on rolling down the 
slabs. The moulds got overheated, and as a result the 
metal was excessively gassy. The reason for this change 
was, of course, to save trouble in carrying the metal from 
the furnace to the outer moulds. 

y in Testing 


Rapidit) 

In current mass production rapidity in testing is 
essential, but one should not be carried away by every 
stunt rapid test proposed ; it is important to ensure that 
the rapid test does show what is wanted. As an example 
of rapidity of testing here is a method for continuous 
control of metal production introduced some years ago 
as a result of an emergency in a great motor \ orks, but 
which is stil! proving satisfactory today. 

Iron was being cast from five large cupola furnaces 
into moulds for motor car cylinder blocks being made at a 
high rate. Complaints were being received from the 
toolshop that the metal was too hard for machining. It 
was not possible to make an analysis of the metal in the 
required time between the pours, the cylinder blocks 
passing on a moving band at the rate of four or five 
hundred a day. On the other hand, there had been some 
complaints from customers that the cylinder metal was 
too soft and showed excessive wear in a short time. These 
conflicting complaints were investigated and found to be 
connected with the amount of silicon in the cast iron. 
The metallurgist on the spot introduced the following 
method for controlling the silicon content. 

After being run into a large ladle, the metal was 
sampled by casting it into a step-bar mould corresponding 
to the different thicknesses of the actual cylinder block. 
When cold the step-bar was broken across, and from the 
appearance of the fracture, the amount of silicon, and 
hence the machinability of the metal, could be assessed 
within ten seconds of the first pouring. This rapid 
method was checked from time to time by analysis and 
by microscopic examination of the polished fracture, but 
it was the step-bar method itself which both overcame the 
production difficulties—too hard or too soft—and reduced 
the serap from 5°, down to 0-5°,,—lower than it had 
ever been before in the factory’s history. 


Rapid Tests to Represent Service Performance 


In every process and material used, rapid tests are 
constantly required. These generally test some specific 
property which vitally affects service performance. In 


METALLURGIA 


battery manufacture such a test is required for the boxes. 
This presented difficulties at first, but eventually a 
standard impurity test was worked out (the trouble has 
always been the extraction by the acid of harmful 
impurities from the box material) saving the manu- 
facturers tens of thousands of pounds in claims due to 
battery failures caused by impurities. This test, which 
was originally a chemical extraction test on a sample of 
the material and took about one month, had finally been 
reduced to about one hour by making direct comparisons 
between the results of tests and the actual batteries in 
service and on life test, the boxes of which were made of 
the same material as used in the rapid tests. It can be 
seen what a tremendous advantage it was to a battery 
manufacturer using a quarter to half a million boxes every 
year to know for certain, by a simple chemical test taking 
only an hour, that his batteries would not fail due to 
this cause, once so serious a bugbear to the industry. 
No doubt many such methods are used in industry and 
adapted to the special products being manufactured. 
Process control requires a good understanding with the 
foremen and chargehands in the works. If they can be 
won over, they will approach the laboratory for help 
when they are in difficulties, and that is what is wanted. 
Then, every assistance must be given to them to overcome 
their troubles as quickly as possible, so that confidence 
in the laboratory is gradually built-up. *“* Speed on the 
job” must be the motto for the production technician. 


Temperature Control in Casting 


Temperature control is essential for all economical 
casting, for without it the amount of scrap and the 
increase in costs due to loss of production time can rise to 
dangerous figures and make any process uneconomical. 
During the last ten years the use of battery-plate casting 
machines invented in America have been developed in 
this country. The original machines came over without 
any temperature indicating instruments, and little if 
any progress could be made in their use for production of 
grids, because of the enormous amount of scrap and the 
poor quality of the plates produced. As temperature 
instruments became available, experiments could be 
made to establish the best conditions for operation, and 
then it was possible to teach the workers to use their 
machines properly. I always remember the pleasure I 
felt, after two years’ preaching temperature control, when 
a relatively new operative working one of these grid 
casting machines and obtaining notably good results in a 
relatively short time, asked by me how he did it, said 
‘** You want to watch this thermometer thing, that’s what 
does it,”’ indicating that at last the vital importance of 
temperature control for good casting was beginning to be 
understood in the shop. 

It is not that scientific temperature control is the only 
thing in good casting but it is the prime factor which 
enables one to tie down the other variables, such as 
mould design, mould dope, ete. 


Finished Product 


If the article is to go directly to the public, control may 
be largely a matter of inspection, but there are often 
performance tests that have to be carried out on samples 
taken from batches before despatch. An article may have 
to meet customers’ specifications in cases where it has to 
undergo further processing at other works. Again, the 
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sample may be put through a series of exhaustive tests ; 
e.g. an engine may be driven to destruction on a bench 
test and then taken apart and all its details examined for 
wear and tear. 


Theory of Works Processes 


This is the most important and difficult part of the 
work of the scientific director, chief metallurgist or chief 
chemist, who has to establish by means of his research 
facilities the why and wherefore of all the breakdowns, 
and, ultimately, of the processes themselves, in the works. 
It is one thing—and sometimes a fairly easy matter—to 
get the process going again, but it is quite another 
matter—and usually much more difficult—to find out 
just why it went wrong. 

There is a great tendency on the part of those con- 
cerned with looking into troubles in the works, to leave 
them to clear themselves up—which they quite often 
do for a time. The result of such a slack procedure is, 
however, that no-one knows the cause of the trouble. 
The proper procedure when a breakdown occurs involves 
sending a technical man to the spot to find out what is 
happening, and keeping him on the job unti! the cause of 
the trouble is established. Obviously, it will be necessary 
for him to give prior attention to putting the matter 
right, but he should always strive to discover the cause. 
If the search for the cause cannot be immediately pursued 
owing to pressure of other work, then there should be a 
regular system of recording such breakdowns, and a 
weekly follow-up to look into the matter again con- 
tinuously—if necessary for years—until the cause of the 
breakdown is found. (I have myself found a cure and the 
cause of a most troublesome periodic porosity in grids 
only after five years working on the matter). All such 
permanent solutions of troubles are of immense value, for 
they save a great deal of money by preventing continued 
breakdowns in the works, since the biggest loss in 
manufacture is usually due to stoppage from breakdowns 
and scrap. 

Many processes, and even industries, are worked on a 
sort of patching-up basis. All the time something is 
going wrong somewhere, and the works staff are striving 
to the utmost merely to keep production going. This is 
due to an incomplete understanding of the process used 
and lack of co-operation between the works and technical 
staff. It is, to some extent, inevitable with a new process 
in industry, where everything has to be found out, but 
gradually the theory of the process is elucidated by means 
of research and investigation. A complete record is 
built-up, the results being always recorded in the form 
of written reports with clearly stated conclusions, for it 
is most dangerous to leave the results just as figures or 
graphs in the note book of the research worker. The 
particular worker may leave, and then nobody knows the 
exact conditions of the experiments and the whole 
investigation has to be repeated, maybe at considerable 
expense. 

These results have to be issued to the works in the form 
of technical instructions or process instructions, and it is 
essential that the text of these instructions should be 
discussed with management and works staff before the 
agreed version is finally issued as technical rules for the 
works. Once accepted, they must be rigidly carried out 
in every particular by the works. 

Even when the agreed process has been laid down and 
orders issued in connection with it by the works manage- 
ment, it will be found that the detailed operation of the 
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process will fail from time to time in the works; this is 
usually attributable to the human element—either 
neglect, forgetfulness, or lack of proper understanding of 
what they are doing by the men operating the processes. 
Consequently the scientific director should put a con- 
tinual check on every process in the works to see that 
they are being carried out properly all the time. 

Finally, it is vitally important that all operations in the 
factory should be looked upon from the overall viewpoint 
of the object being made and not just from that of the 
numbers produced. 


Progress 


The research and development department, which 
should be under the control of the scientific director, is 
very much concerned with the progress of the industry. 
To keep along the right lines it should be in close touch 
with the commercial and selling side of the business, and 
it is advisable to have periodic conferences—once a week 
or once a month—between the technical and sales staff. 
The sales manager will put up the customers’ complaints, 
say what improvements the buyers want, and often 
provide the first information of competitors’ new ideas : 
it is then up to the research side of the scientific staff 
to try and go one better. Here, it will be noted that I 
have switched from the technical staff in the works to 
the scientific staff carrying out research, but I think they 
should be the same kind of people, and that they should 
be switched about from one job to the other as convenient 
and as their inclinations lead them. Sometimes, a man 
starting out in research begins to think he is getting 
nowhere, but when put into the works makes quite a 
success of the job. On the other hand, another type of 
man who starts off in the works finds it is a bit too tough 
for him, but if transferred to research may be happier. 
There is also the advantage of works experience to make 
the research man’s ideas more practical, and of research 
experience to make the works man more accurate in 
his thinking. 

In recent years, especially since the development of 
plastics, there has been an enormous choice of new mater- 
ials for many industries. All possible materials should be 
tested by the laboratory and if their use would seem to be 
advantageous this must be proved by actual service 
tests. 

Improvements in processes suggest themselves from 
the interruptions and breakdowns in the works, and also 
with the idea of speeding up and cutting costs. New 
controls may have to be devised to meet the paramount 
demands for more output. The chemist may be asked to 
advise upon and even put into operation the manufacture 
of one of the raw materials, supplies of which have been 
uncertain or too costly. 


Summary 

The scientific director is responsible for the details of 
all the processes used in the works ; the works manager is 
responsible for putting into effect the processes in the 
works in accordance with the agreed instructions issued 
by the scientific director. In science applied to industry, 
there is thus the invention of apparatus and methods : 
the proof that this apparatus and these methods do give 
the required results ; and finally the persuasion of the 
directors of the company to give the necessary financial 
support. The process often seems to break down at this 
final stage of persuasion, and this may be due to lack of 
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clarity and to insufficient practical understanding on the 
scientific side, or equally to the generally short range view 
which has prevailed at the head of most businesses in the 
past, but which, I am glad to say, seems to be gradually 
making way for planned development policies. It is hoped 
that this article may help to bridge this often difficult gap 
between the use of scientific methods, the appreciation of 
their value, and their final adoption. 
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Savings in Cold Steel Strip Production 
Further Step in Automatic Control 


Up to 10°, saving in the rolling of cold steel strip is now 
being achieved by means of new automatic slowdown 
equipment which has been incorporated in a cold strip 
rolling mill at Lancashire & Corby Steel Manufacturing 
Co., Ltd., Corby. Extensive tests recently carried out 
by the company have proved that the slowdown equip- 
ment cuts waste, increases the time that the mill can 
operate at full speed, and gives additional safety to the 
operator. 

On manual operation, with the steel strip passing from 
one reel to another through rolls, it is difficult for the 
operator to judge the exact point at which to slow down 
the mill for reversing. The ideal condition is for the 
mill to slow down with the minimum number of turns 
left on the uncoiling reel to allow for maximum safety 
and ensure the least variation in gauge. If the operator 
slows the mill down too late, the strip can snatch off the 
uncoiling reel, with consequent damage and loss of time. 
The operator usually starts the slowdown too soon, thus 
wasting time at high speed and consequently valuable 
production. With several passes the amount of off- 
gauge material increases. 

To meet this problem, The English Electric Company 
have developed automatic slowdown equipment for 
counting the turns on reversing cold strip mill reels 
during coiling and uncoiling. The equipment auto- 
matically determines the latest safe point to slow down 
the mill for reversing. Two types of automatic slow- 
down equipment are available, one mainly mechanical 
and the other electronic. At Corby, the first installation 
of this new equipment, the mechanical type is used. 
This operates on a counterweight principle. Both types 
can be installed at a comparatively low cost, and 
although originally designed for the steel industry, they 
can be applied to any industrial process where material 
is coiled on to a reel and uncoiled again. 


New EFCO Factory 


Erco, Lrp. are building another factory in the L.C.C. 
industrial development area at Sheerwater, near Woking, 
in Surrey. The site is a prominent corner position close 
to the factory of their subsidiary Electro-Chemical 
Engineering Co., Ltd. The new factory, scheduled for 
completion early next year, will provide up-to-date 
facilities for the manufacture of special furnaces. 
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Low Pressure Metallurgy 
A General Survey 
By A. S. Darling, B.Sc. (Eng.), Ph.D., A.M.1., Mech.E. 


The carrying out of metallurgical operations in vacuum has more to it than the prevention of oxidation. 
A metal or alloy concerned in a melting, heat treatment or refining operation may be considered as one 


component ina polyphase system. Pressure variations add a further dimension to the degrees of freedom 
previously represented only by temperature and concentration, with the result that equilibrium 


conditions can frequently be displaced in a favourable direction. 
of low pressure metallurgy, the author discusses historical aspects. 


In the first part of this general survey 
Further instalments will deal 


with sputtering and vacuum melting, respectively. 


their environment inevitably accompany metal- 

lurgical processes which are carried out at elevated 
temperatures, and in many instances they determine the 
extent to which control can be exercised over the main 
operation involved. Some of these reactions can be 
minimised by suitable choice of the solid materials with 
which the hot metal comes into contact, but the profound 
effects of gases on metals are not always so readily 
controlled. 

Conventional techniques strive to reduce gas contents 
to manageable proportions rather than to eliminate 
them completely, and the conduct of industrial metal- 
lurgical operations is in fact frequently based upon the 
assumption that a satisfactory compromise between gas 
content and quality of final product can be effected. 
Because such an assumption can often be justified, 
technicians in this field have come to tolerate a somewhat 
wider gap between ideal and practicable conditions than 
is commonly encountered in other types of industry. 

Developments in recent years, however, have con- 
centrated attention upon the technology of metals such 
as titanium and uranium, the chemical activity of which 
precludes the attainment under normal working con- 
ditions of any satisfactory balance between gas content 
and mechanical properties. Avoidance of rapid and 
disastrous reactions between these metals and surround- 
ing gases can be assured only when melting and heat 
treatment operations are carried out either in an inert 
atmosphere or under high vacuum conditions. The 
attention devoted to this problem has been particularly 
well concentrated, and it is probably true to say that 
efforts expended over the past twelve years towards the 
development of vacuum techniques for titanium produc- 
tion alone represent an outlay in terms of money and 
energy many times greater than the total previously 
devoted to all branches of vacuum metallurgy. 

This specialisation, whilst beneficial in many ways, has 
had the unfortunate result of ensuring that low pressure 
techniques have come to be generally associated with a 
purely protective function. A more accurate and 
profitable approach is one which envisages the metal or 
alloy concerned in a melting, heat treatment, or refining 
operation as one component in a polyphase system. 
Pressure variations add a further dimension to the 
degrees of freedom previously represented only by 
temperature and concentration, with the result that 
equilibrium conditions can frequently be displaced in a 
favourable direction. 

Reduced pressures are (for example) advantageously 
employed to drive metallurgical reactions in accordance 


side reactions between metals and 
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with the theorem of Le Chatelier. Any solid-solid 
reaction from which a gaseous product is evolved can be 
accelerated by a reduction of pressure. Utilisation of 
this principle facilitates the operation of processes which 
could not be carried out at atmospheric pressure. 

In this sense vacuum melting should be regarded as a 
refining operation in which the metal is freed from 
dissolved gases, volatile impurities removed, unstable 
compounds dissociated, and reactions between combined 
gas and intentional additions driven to completion 
Distillation processes become possible when the gas 
pressure is reduced to a value low compared with that 
of the metallic vapour pressure. By the employment of 
suitable fractionating techniques, metals can be freed 
from undesirable impurities. Depending upon the 
relative vapour pressures, impurities can either be 
distilled off or left behind. In certain cases distillation 
can be profitably undertaken in conjunction with a 
primary reduction process. The continual removal of 
reduced metals from the reaction zone not only displaces 
equilibrium conditions towards a higher yield, but 
permits of the direct attainment of a pure product in 
one stage. 

Most oxides have dissociation pressures which 
below that readily attainable in industrial vacuum plant. 
Other compounds frequently have a lower stability, 
which renders it justifiable to consider the employment of 
reduced pressures for the direct production of pure 
metals and oxides by thermal dissociation. The produc- 
tion of pure metal by dissociating hydrides, nitrides or 
sulphides at moderate temperatures and degrees of 
vacuum is in many cases a perfectly feasible operation. 
Under low pressure conditions the dissociation to oxide 
of carbonates, sulphates and sulphites frequently occurs 
at such low temperatures that the attainment of a very 
pure product is greatly facilitated. 

The principles of molecular distillation are 
employed in industrial metallurgy, although the first 
successful separation of the isotopes of mercury was 
accomplished by this technique.'- Vacuum metallisation 
and molecular distillation can to some extent be regarded 
as analogous processes, however, because both are 
operated under conditions in which the mean free path 
of the distillate vapour is comparable in magnitude to 
the dimensions of the apparatus employed. 
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Gases in Metals 
Thomas Graham was probably the first investigator 
systematically to employ vacuum techniques for metal- 
lurgical research. 


His experiments on gases in metals 


. 
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began in 1866, when he was Master of the Mint.2. Three 
years earlier, in 1863, St. Claire Deville and Troost had 
shown that hydrogen diffused rapidly through plates of 
fused iron and platinum. They demonstrated that the 
flow of gas through a heated metal membrane took place 
in such a direction as to equalise the partial pressures on 
the two sides. This result was arrived at without using 
vacuum techniques. The metal specimen, in the form 
of a closed tube containing nitrogen, was immersed in a 
porcelain tube containing hydrogen at the same pressure. 
When the whole assembly was heated, appreciable 
quantities of hydrogen diffused through the metal tube 
into the nitrogen. 

Graham's original objective was, apparently, to con- 
firm the findings of these workers, to improve upon their 
experimental techniques, and to study the effects of 
gases on other metals. Solubilities and diffusion rates 
were determined with the aid of vacuum extraction 
methods. By using a simple Sprengel pump the ex- 
tracted gases were collected over mercury, measured and 
analysed. 

The results obtained by Graham are still of con- 
siderable interest. He was able to demonstrate, for 


example, that hydrogen was the only gas capable of 
penetrating at an appreciable rate through the walls of 


a heated platinum tube. The tube studied was 12 mm. 
internal diameter, 200 mm. long, and had a wall thick- 
ness of l-1 mm. It was heated in a current of hydrogen 
and internally evacuated. When the tube became 


visibly red, hydrogen diffused through it at a rate of 


more than 2 cc./min. When heated in a current of air 
the amount of gas collected was less than 0-3 ce. ‘hr. 
Similar results were obtained with carbon dioxide, 
chlorine, hydrogen chloride and water vapour. Ammonia 
decomposed when passed over the tube and pure 
hydrogen was collected inside. 

The solubility of hydrogen in platinum was con- 
siderable. In one instance a fused platinum rod, heated 
at 230°C. in hydrogen, was found to have absorbed 
1-45 times its own volume of gas. Samples of wrought 
platinum, taken from an old crucible, rapidly absorbed 
up to five times their own volume of hydrogen. 

These surprising results led to a similar series of 
experiments with palladium. Graham relates that the 
only specimen of this metal he was at first able to obtain 
was in the form of foil and weighed 1-58 g. After first 
degassing in vacuum, it was allowed to cool slowly in 
hydrogen from 245° C. and was found at room tempera- 
ture to have dissolved 526 times its own volume of the 
gas. Further heating in hydrogen at 90-97° C. increased 
the room temperature solubility to 643 relative volumes. 

By this time a compact tube of palladium | mm. in 
thickness had been made by Mr. George Matthey. The 
tube, which had been rolled up and hammer welded from 
sheet produced by powder metallurgical methods, was 
115 mm. long and 12 mm. [.D. One end was closed by 
a thick plate of platinum which was soldered on, and 
the other was connected to the Sprengel pump by means 
of a platinum tube. The complete assembly was 
surrounded by a porcelain tube, and a current of 
hydrogen passed through the annular gap. The palla- 
dium became permeable to hydrogen at 240° C., and at 
a slightly higher temperature the rate of diffusion was 
several cc. min. Hydrogen was the only gas able to 
penetrate the tube, which was capable, however, of 
extracting this element preferentially from mixtures such 
as coal gas. 
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Graham was greatly impressed by the extraordinary 
affinity of palladium for hydrogen. Because the amount 
of hydrogen absorbed varied over a wide range, he 
concluded that the effects could not be explained by the 
formation of a definite compound, and that the 
“ occluded * gas (a term specially invented by him to 
describe the effect) probably formed a true alloy with 
the palladium. 

In order to account for the large increases of volume 
which resulted when palladium was heavily charged with 
hydrogen, tremendous mechanical forces would be 
required, and Graham concluded that hydrogen could 
only exert such forces when present as a metal, which he 
called hydrogenium. The density of hydrogenium, 
calculated from that of fully charged palladium appeared 
to be 1-708 g. /ce. 

It was believed that the metallic hydrogen concept 
was supported by the results of experiments on meteoric 
irons, which in some instances contained nearly three 
times their own volumes of this gas. Ordinary wrought 
iron could not be induced to dissolve more than its own 
volume at atmospheric pressure. These facts, supported 
by spectroscopic evidence, led to the hypothesis of 
hydrogenium as an essential constituent of many types 
of star. 


Bessemer Steel 


The remarkable porosity and hot shortness of much of 
the first steel produced by the Bessemer process appears 
to have been responsible for some of the earliest proposals 
for vacuum metallurgy. As early as 1874, Parsons 
proposed to extract “air, or gases held in suspension, 
solution or combination’ by evacuating either the 
complete convertor or the ingot mould immediately after 
the liquid metal had been poured and before it had 
completely solidified.4| Similar proposals were made by 
Aitken® in 1879 and Jensen® in 1882. In view of the 
limited pumping equipment available at that time, it is 
doubtful whether any of these schemes could ever have 
been satisfactorily realised, and it is perhaps significant 
that none of these early specifications attempt to define 
cither the time or degree of vacuum required to effect 
satisfactory gas removal. Jensen’s proposal was the 
most realistic of those mentioned, because he did not 
expect to remove all the gas from the metal. He 
claimed, however, that by evacuating the closed con- 
vertor, the gas content could be reduced to the extent 
of not producing bubbles in the ingot. Remarkable 
intuition is revealed by a further claim that under low 
pressure conditions, iron oxide would * dissolve ” itself 
into iron and oxygen, thereby eliminating the hot 
shortness of Bessemer metal. Although indicating a 
lack of information as to the quality of vacuum which 
would be required for the attainment of this very 
desirable objective, the claim is of considerable historic 
interest, as the dissociation of stable compounds by the 
action of heat at low pressures has only recently become 
recognised as a legitimate target of vacuum metallurgy. 

An indication that some preliminary experiments had 
resulted in a more realistic appreciation of the difficulties 
invelved in extracting large volumes of gas from deep 
baths of metal was afforded by Aitken’s second proposal 
of 1882.7 This provided for the more effective extraction 
of gases from molten metals by pouring them in a 
“stream, spray, or divided condition through the 
evacuated space.” The drawings attached to this 
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specification describe apparatus strongly resembling that 
now extensively employed in some German steelworks 
for degassing by the stream droplet method. 


Heat Treatment and Melting of Platinum in 
Vacuum 

The worthy but rather prosaic objective of producing 
non-porous ingots of Bessemer steel contrasts strongly 
with the spectacular results which Edison claimed to 
have achieved in 1879 by the use of vacuum annealing.* 
In connection with the development of incandescent 
bulbs, Edison made a number of experiments on fila- 
ments of platinum and iridio-platinum. These filaments 
lost weight rapidly when heated in air, and the loss was 
attributed, not to evaporation, but to the scrubbing 
action of convection currents set up in the air by the 
hot wire. In order to minimise this loss, subsequent 
experiments were carried out in vacuum, and remarkable 
properties were conferred upon the wire by a special 
tvpe of heat treatment. (It is important to emphasise 
at this stage that the high weight losses from platinum 
filaments heated in air were confirmed by the subsequent 
researches of Jones, Langmuir and Mackay,® who 
attributed the effects to the volatility of platinum 
oxide.) 

Edison heated his filaments slowly at first by a weak 
current and maintained them at a low constant tem- 
perature until no further evolution of gas occurred. The 
wire was allowed to cool to room temperature before 
being slowly reheated and degassed at a temperature 
slightly higher than that of the previous annealing. This 
cycle was repeated until the filament had reached full 
operating temperature. The object of the interrupted 
heating cycle was to ensure that all the gas was expelled, 
and then to permit the strains caused by heating and 
cooling to weld up minute postulated cavities and 
fissures which were supposed to contain air. 

It was claimed that filaments so treated could be 
raised in vacuo, without melting, to temperatures so high 
that the light emitted was five times greater than that 
which could be obtained from a similar untreated 
filament run at its upper limit in air. When the experi- 
ments were repeated in a better vacuum produced by a 
Sprengel pump, filaments were produced which could 
emit a light of eight standard candles, compared with the 
maximum of one candle from a normal filament run in 
air. Compared with normal platinum, the vacuum- 
annealed material was found to be as hard as the steel 
wire used in pianos, and could not be annealed at any 
temperature. 

These remarkable results, which modern metallurgists 
have unfortunately been unable to reproduce, led 
Edison to conclusions which might be described as an 
inversion of certain aspects of the dislocation theory. 
He thought that what was known as annealing merely 
introduced numbers of microscopic cracks into the 
metal, thus rendering it soft and ductile, and claimed 
that whenever hard drawn wire was annealed and then 
examined microscopically myriads of these fine cracks 
could be observed. By annealing in the manner pre- 
viously outlined, all the air in these cracks could be 
evolved, and the expansions and contractions of the 
interrupted heating cycle permitted the defects to weld 
up and be eliminated. These results, which inevitably 
bring to mind the properties of present day metal 
whiskers, make it difficult to understand why carbon 
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was eventually found to be a better filament material 
than platinum. 

An arrangement suggested by Lake in 1890!° is 
believed to be the first recorded proposal for induction 
melting in vacuo. The metal was to be melted in an 
annular channel, the general arrangement being very 
similar to that of Ferranti’s induction furnace patent 
of 1887.!! After melting, the metal could be cast in the 
ingot mould shown, by tilting the whole trunnion- 
mounted vacuum chamber. The scheme proposed was 
claimed to be of especial value for melting platinum, as 
the blisters, pinholes, and dissolved gases typical of 
metal melted in the oxyhydrogen flame could be avoided 
by vacuum processing. The arrangement seems to have 
attracted no more serious attention than other induction 
melting proposals which were, at that period, neglected 
because of the low state of development of alternating 
current technology. The general soundness of the 
scheme envisaged was confirmed nearly forty years later, 
when Rohn adopted a similar design of furnace on a 
much larger scale for his pioneer work at Hanau. 


Vacuum-Melted Tantalum 

The simple and ingenious techniques first adopted at 
Siemens and Halske for the vacuum melting of tantalum 
are now classical and have been described on several 
occasions, notably by Alexander Siemens in 1909" and 
more recently by Pirani,'® who was von Bolton’s assistant 
in the early years of this century. The limited supply 
and high cost of osmium at the beginning of this century 
led to the institution of a systematic investigation into 
the properties of all possible lamp filament materials at 
the Berlin Laboratories of Siemens and Halske. Tanta- 
lum was in the same group as vanadium and niobium, 
both of which had been investigated and found to be 
unsuitable because of their low melting points. 

Tantalum had a high melting point but, as originally 
produced by Moissan in the electric furnace, was very 
hard and brittle. The process developed by von Bolton 
in 1902 involved the reduction of the double flouride, 
K,.TaF,, by calcium in a steel bomb. This reduction 
vielded a black metallic powder, soft and ductile enough 
to be pressed into dises which could be melted down. 

The melting technique was due to Siemens’ electrical 
and mechanical engineer Otto Simpson, and Dr. O 
Feuerlein produced the first filaments from this are- 
melted metal. Fig. | shows the essential features of the 
melting apparatus used in the Charlottenburg factory 
between 1903 and 1912, when the tantalum lamp became 
obsolete. These furnaces were operated by unskilled 
labour, and in nine years, over a ton of tantalum, 
sufficient for 60 million lamps, was produced. 

Melting was carried out on a water-cooled nickel 
hearth, and the vacuum conditions, produced by a two- 
stage reciprocating pump, varied from 5 to 50 microns 
during the melting cycle, which lasted two minutes. The 
negative electrode was of the are stabilising type and 
usually consisted of a mixture of tantalum and tantalum 
oxide which permitted a stable are of up to 300A. at 
80 V. to be maintained in vacuo. The ingots so produced 
were lenslike in form and consisted of several large 
crystals. They were cold-rolled to hexagonal section rod 
and finally drawn through diamond dies to produce 
0-05 mm. wire. 

The attractive properties of this arc-melted tantalum 
meant that it was useful not only as a filament material. 
Because of its high corrosion resistance, dental and 


139 


NN 


WAN 


| 
VACUUM FURNACE (i903) 


AD. SIMPSON —Ww. BOLTON 
Courtesy of Edwards High Vacunm, Ltd 


Fig. 1.- Vacuum arc furnace used for the production 
of ductile tantalum at Siemens and Halske. 


surgical instruments were made from it, and it was 
found to be the ideal material for cataract knives for 
India. Pure tantalum was not hard enough to pass the 
German Steel Pen Test, which prescribed that a pen, 
pressed down by a load of 180g. on a writing paper 
moved at the same speed as ordinary writing, should 
not lose more than 0-7 mg. by abrasion after a total 
paper movement of 10 km. Slightly oxidised tantalum 
was found to pass the test, however, and the external 
hardened layer was thick enough to maintain a constant 
rate of wear over the whole 10 km. 

There can be little doubt that tantalum was the first 
refractory metal to be arce-melted on a water-cooled 
metal hearth. The simplicity and complete practical 
success of the process make it difficult to appreciate why 
its potentialities were lost sight of when powder metal- 
lurgy began to be employed for the production of 
tantalum in larger quantities. Moore’, who produced 
pure ductile uranium in 1923, appears to have been the 
only worker to employ this are-melting technique 
between the two World Wars. Sintered dises of uranium 
powder were melted in argon at pressures below 100 


microns on a water-cooled Monel metal hearth. The 
negative tungsten electrode was sheathed with uranium 
so as to avoid contamination of the melt, and the 
sintered components melted down to form pigs which 
could be rolled to thin sheet. The credit for resurrecting 
the process after a long period of neglect must, however, 
be ascribed to W. J. Kroll, who suggested the use of 
water-cooled hearth arc furnaces for titanium production 
in 1940.15 


Vacuum Extraction Processes 


Although it was in connection with extraction processes 
that reduced pressure metallurgy secured what were 
perhaps its earliest successes, initial developments in 
this field were not particularly rapid. Demarcay' 
commented upon the extreme volatility of many metals 
under vacuum conditions as early as 1882, but no 
attempts were made to develop low pressure distillation 
processes for many years after this time. The inactivity 
displayed in this field contrasts strongly with the 
determined efforts then being made to develop electric 
furnace processes for the production of volatile metals 
straight from the are by distillation at atmospheric 
pressure. The Cowles brothers, for example, erected a 
plant at Milton, Staffordshire, in which pure zine was 
produced by distillation in 1885 and aluminium alloys 
in 1886.!7 

It was not until 1905, however, that Guntz!® succeeded 
in producing barium by vacuum distillation. Barium 
hydride was decomposed in vacuo in an iron tube at 
900° C. The temperature was then raised to 1,200° C. 
and pure barium distilled off: this metal was 99-56°,, 
pure. In subsequent work Guntz developed the type 
of reduction process now associated with his name. 
Barium having a purity of 98-8°, was obtained by 
reduction of the suboxide with aluminium in vacuo at 
1,200°C.:!* pure strontium was obtained in the same 
way. A Guntz reaction is essentially one in which a 
non-volatile metal is used to reduce the oxide or com- 
pound of a volatile metal in vacuum. Removal of the 
reduced metals from the high temperature zone by 
distillation displaces equilibrium conditions so that the 
reaction can proceed to completion. A continuous line 
can be traced from this pioneer work to the processes 
used during the last war for the production of calcium 
and magnesium on a very large scale. 


The Work of Matignon 


Matignon showed in 191329 that barium oxide was 
readily reduced by silicon under high vacuum conditions. 
The barium distilled off and condensed on the cooler 
parts of the tube. Because the heat of formation of 
silica is less than that of baryta the reaction was not 
self-sustaining: an excess of baryta was therefore 
employed. This excess formed barium silicate, with the 
development of heat, thus reducing the energy required 
to sustain the reaction. Ferro-silicon (90°,) was 
preferred as a reducing agent, because of its cheapness 
and the ease with which it could be crushed. 

Aluminium was used as a reducing agent for mag- 
nesia.2!_ An excess of magnesia was employed and the 
mixture heated to 1,200°C. in vacuo. Magnesium 
aluminate was formed and the magnesium which 
sublimed, condensed in crystalline form. 

In an attempt to rationalise the results of his vacuum 
experiments, Matignon proposed a new law of volatility 
in chemical reactions.2* According to this law, which 
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Was essentially a particular case of Le Chatelier’s 
theorem, all systems of non-volatile solid or liquid 
substances capable of giving rise, by new groupings of 
atoms, to systems containing volatile substances had to 
enter into reaction under reduced pressure conditions at 
a suitable, temperature. 

Although Matignon had successfully used ferro-silicon 
as a reducing agent for magnesia, he seems to have 
preferred calcium carbide reductions for large scale 
production.“ The reduction of magnesium chloride 
with calcium carbide proceeded rapidly at 1,200° C., but 
it was found that the production of anhydrous mag- 
nesium chloride was a delicate and costly industrial 
operation. The reduction of calcined dolomite proceeded 
more slowly at 1,200-1,300° C., but a good yield was 
obtained and the process was cheaper and easier to 
operate. 

Matignon’s failure to establish the latter process in 
industry during World War I was ascribed by Kroll** to 
the fact that heat-resisting steels suitable for the con- 
struction of large retorts were not then available. The 
process was successfully revived by Murex at a later 
date, however, and was extensively employed for several 
years, only being discontinued shortly before the end 
of the last war, when large quantities of magnesium 
produced by the Pidgeon process began to arrive from 
America. It has been pointed out by Miller®* that this 
plant afforded a good example of the fact that large 
scale vacuum processes, even when operated under 
adverse conditions, could be relatively successful. 


The Arsem Furnace 


Calcium carbide reductions at low pressure are now 
extensively employed, particularly in connection with 
alkali metal production*®* and the winning of zine from 
silicate minerals.27 The basic idea seems to have been 
due to Fink, who first carried out reductions of this type 
in 1907,25 during a systematic survey of vacuum ex- 
traction processes in which Arsem furnaces were 
extensively employed. 

The Arsem furnace, developed in 1904 in the labora- 
tories of the General Electric Company of America, has 
since become well known.?* *° The furnace, a sectional 
view of which is shown in Fig. 6, owed its success largely 
to the fact that the vacuum was maintained within a 
water-cooled metal canister which had no tendency to 
outgas. Temperature limits were imposed purely by 
the volatility of graphite at high temperatures. A 
second important advantage concerned the design of 
heater, which was in the form of a graphite spiral. This 
had a comparatively high resistance. so that such heavy 
current supplies as those needed for conventional 
graphite tube furnaces were not required. The spiral 
form ensured a degree of flexibility which eliminated 
difficulties caused by thermal expansion and simplified 
the design of current leads. Heat losses from the charge 
were minimised by graphite radiation screens, the inner 
surfaces of which soon attained the temperature of the 
heater. 

In some of the earlier furnaces, trouble was experienced 
because of an electrical discharge between heater and 
radiation screens, which frequently developed at tem- 
peratures above 2,000°C. This caused progressive 
deterioration and eventual destruction of the graphite. 
The effect was reduced to negligible proportions by 
complete insulation of the radiation screens from the 
furnace and by using a heater of lower resistance so that 
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A Chamber L Graphite helix heater 
B Cover M Graphite cup 
C Lead gasket O Radiation screen 
D Cap screw P Lava button insulator 
E Mica window Q Copper arms 
F Lead washers R Water jacket 
G Window tube S Water inlet 
H_ Lead washer T Water outlet 
J Exhaust tube U_ Heater clamp 
K Threaded brass bushing W Electrode 


Fig. Section of an Arsem furnace 


operating voltages were reduced. Discharges then 
occurred only at temperatures above 2,500° C. 

These early furnaces were evacuated by two-stage 
reciprocating pumps, and Arsem reported that after 
complete outgassing of the heater, crucible and screens, 
pressures of a fraction of a mm. of Hg. were attained, 
even at the vaporising point of graphite. Furnaces 
employing the same principles, but utilising more 
refined sealing and evacuation techniques, are still 
employed for the determination of gases in metal by the 
vacuum fusion method.*! The rate of gas evolution at 
temperatures in the range of 1,600-1,800° C. depends 
upon the purity of the graphite employed but is usually 
of the order of 0-2 ce. hr. 

The earlier Arsem furnaces were used for experiments 
on the purification, by distillation, of magnesium, zinc 
and cadmium. By 1906, determinations of the melting 
points of many refactory metallic oxides had been 
obtained, and a systematic study of the reduction of 
complex and “ rebellious ores in vacuum was started 
by Fink in 1907.25 Arsem furnaces having heated zones 
ranging up to 1215 x30in. were in daily use at the 
G.E. works during this period. 

These extraction researches had been stimulated by 


\ 
; 
K 
= 
Ny | 
J 
l4l 


the discovery of large beds of cobalt-bearing ore in 
Canada shortly before 1907, and attention was 
concentrated upon methods for economically removing 
arsenic from cobalt and nickel. Ordinary roasting and 
leaching processes had not proved successful, and the 
chlorination process involved many steps and was very 
expensive. 

Partial removal of the arsenic from smaltite ore was 
obtained by simply heating in vacuum at temperatures 
above the melting point of cobalt. Complete removal at 
economical working temperatures. was achieved by 
mixing the charge with calcium carbide and calcium 
carbonate. Under low pressure conditions the carbide 
and carbonate reacted together to produce calcium 
metal, which combined to form a slag with that portion 
of the arsenic which had not already evaporated. Good 
reductions were obtained at temperatures of 1,500- 
1,550° C., and little metal loss occurred by evaporation. 


A different type of ore, which contained 9-16°,, of 


cobalt, 4-12°,, of nickel, 30-35°,, of arsenic and 4—18°, 
of silver, separated into three sharp layers when heated 
in vacuo but not in air. 
an 83°, silver alloy, the intermediate layer a metal 
speiss, while the upper layer was slag. These layers 
could readily be separated mechanically.** 

This ore was conveniently reduced in practice by a 
two-stage process. During the first stage, the tempera- 
ture was maintained at 1,250-1,350° C. for two hours. 
It was then increased to 1,550—1,600° C. and kept at this 
level for three hours. At this temperature, all the silver 
distilled out leaving the speiss and slag in the crucible. 

Further experimental work was concerned with the 
direct production of antimony from stibnite. When low 
grade ore was heated in vacuo in a graphite crucible 
above 750° C., the sulphide simply distilled over without 
decomposition. Satisfactory results were obtained by 
reducing the sulphide with iron below 750° C., after 
which the pure antimony was distilled off at 1,200- 
1,250° C. Under high vacuum conditions the reaction : 

Sb,S, +3Fe —3FeS +SSb, 
proceeded to completion in the presence of an excess of 
iron.*? The distilled antimony was well crystallised and 
of light lustre, its purity being 99-98°,. 

A further separation process was worked out at this 
period by Arsem.** Gold was separated from silver by 
heating the alloy in vacuo at 1,300° C. when the silver 
distilled off. If platinum was present the gold could be 
distilled off after the silver at 1,500° C. 

It was proposed by Reid in 1909* to treat. silver, 
nickel and cobalt ores, similar to the type studied by 
Fink, with an electric are under high vacuum conditions. 
The ore in its crude state was powdered and then 
allowed to move vertically through an are between two 
inclined carbon electrodes, the complete process being 
carried out in an evacuated chamber. At the high 
temperature of the are, sulphur and arsenic were 
evaporated, and the molten metals fell into a suitably 
shaped cooled mould to form an ingot. 


The Iron-Carbon System 

Vacuum resistance furnaces of the carbon tube type 
were used in early researches on the iron-carbon equili- 
brium diagram. Ruer and I[lgin®* working in 1911, used 
vacuum conditions for producing a controlled carbon 
content in their specimens. Iron containing 4—-4-5°,, of 
carbon was remelted in vacuo in a magnesia crucible and 
held at temperature until the desired carbon content had 
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been achieved. Small specimens were then reheated to 
definite temperatures for six hours and quenched. 

Ruff and Goecke*” used a graphite resistance 
furnace for similar work. These investigators, who 
employed a Wanner pyrometer, found that the vapour 
pressure of iron saturated with carbon was 10 mm. at 
2,750° C., while pure iron had a vapour pressure of 
10 mm. at 2,220°C. Recent work, which indicates that 
the vapour pressure of pure iron reaches 10mm. at 
2,050° C..4° confirms the accuracy of these early de- 
terminations. 

Wedekind “ used a vacuum are furnace in 1913 for 
the production of metallic borides. Consumable elec- 
trodes were prepared from mixtures of finely powdered 
boron and metal, and an are was struck between two 
such electrodes which were horizontally disposed in an 
evacuated furnace. The molten borides which were 
formed dropped off and were collected in a suitable 
receptacle. Volatile borides were condensed in powder 
form cn a cold sheath surrounding the electrode. 
Zirconium, vanadium and uranium borides were amongst 
those made by this method. 


Production of Pure Iron for Magnetic Research 


Yensen, of the Westinghouse Electric and Manu- 
facturing Company, reported in 1915 the results of his 
researches on the magnetic properties of iron.* # 
This research, commenced in 1911 in the Electrical 
Engineering Department of the University of Illinois, 
had been concluded at the Westinghouse Company. The 
author emphasised the advantages of vacuum melting 
for the production of iron and iron alloys having high 
permeabilities and low hysteresis losses. Doubly-refined 
electrolytic iron containing 0-006°,, of carbon, 0-01°, 
of silicon and only a trace of sulphur formed the basis 
of the investigation. It was melted in magnesia crucibles 
in furnaces of the Arsem type. 

These furnaces were evacuated by “ Trimount ” 
pumps which, when backed by a house vacuum of 
2-5 mm. were capable of reducing the pressure in a cold 
furnace to 0-5 micron. Due to gas evolution from the 
charge and heater, melting was usually carried out under 
a pressure of about 1 mm. Hg. Remarkable increases of 
permeability were obtained merely by vacuum melting 
the high purity iron. This improvement was attributed 
to a similtaneous reduction of carbon and oxygen 
content in the melt, according to the reaction :— 

Fe +CO== FeO +C 

Discrepancies between Yensen’s permeability results 
and those of workers at the National Bureau of Standards 
were explained by the lower melting pressures attained 
by the latter investigators. Their furnace operated at 
about 0-Ol mm. Hg. This very low pressure had the 
effect of displacing the equilibrium of the above equation 
still further from right to left. 

In order to reduce his carbon contents to similar 
values, Yensen found it necessary to add iron oxide 
which also eliminated aluminium, titanium, and vana- 
dium. Although not discussed in these papers, it is 
obvious that melt-crucible reactions must have com- 
plicated the results obtained and could have accounted 
for the considerable carbon reductions obtained by the 
Bureau of Standards workers. 

The pure iron, or iron alloys, produced in this manner 
were forged and rolled to the desired shape and finally 
vacuum annealed to eliminate internal strains before 
testing. This annealing was carried out in silica tube 
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furnaces at pressures of the order of 0-05 mm. Hg. The 1908, 
permeability was found to increase uniformly with 14 Moore, R.’W., Trans. Electrochem Soc., 1923, 48, 3117. 
annealing temperature up to 900°C. Vacuum-melted Compe 1582, 
electrolytic iron had a maximum permeability of 19,000, Dene. En 
compared with 4,870 for the best Swedish iron. The 19 Guntz, A., Compt, rend. 1906, 148, 339 340 
area of the hysteresis loop was less than half that of the ot 
best silicon steel available at that time and lower than 
that of any material previously produced. Due to its 24 Kroll, W. J., Vacuum, 1951, 2, 163 
low resistance, however, eddy current losses in this pure and A. P 
iron were rather higher than those of silicon steel. 

28 Fink, C. G., Trans. Amer. Electrochem. Soc., 1912, 21, 445. 


(to be continued) Pres 
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New Control and Heat Treatment Department for Holman Group 


research and control and heat treatment has already 
resulted in greatly increased efficiency and a significant 
speed-up in production. The department, with a floor 
area of 17,000 sq. ft., contains metallurgical, physical and 
chemical laboratories ard high speed, tool steel, piston and 
general heat treatment sections. 

The metallurgical department works in close associa- 
tion with all other production departments and tackles 


T the headquarters of the Holman Group in Cam- 
borne, Cornwall, a new metallurgical control and 
heat treatment department has been built and 

equipped. This Group, the largest manufacturers of 
compressed air equipment in the Commonwealth, have 
to meet ever growing demands for machines with in- 
creased power and reduced weight, and in maintaining 
the highest standards of reliability and quality, metal- 
lurgical control assumes very great importance and 
heat treatment becomes one of the vital processes in 
production. Holman Brothers, Ltd., following integra- 
tion with Climax Rock Drill & Engineering, Ltd., have 
underlined the value of this part of their production by 
the construction of this completely up-to-date depart - 
ment which will also be used by the other members of the 
Group, Maxam Power, Ltd., Goodyear Pumps, Ltd., and 
Dustuctor Co., Ltd. This centralisation of metallurgical 


Three boxes containing rock drill parts being 

removed from a Wild Barfield drip carburising 

retort and moved to the right ready for lowering 
into the after-cooler in the foreground. 


Rock drill parts removed from the furnace in the background are 
being dropped into the oil tank for controlled cooling. 
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Rock drill parts removed from the Birlec 70 kW. 
furnace in the background are being dropped 
into the oil tank for controlled cooling. 


all kinds of day-to-day difficulties, such as machinability 
problems that periodically confront the man on the 
shop floor, ete. The various metals used in the manu- 
facture of Holman Group products are analysed and 
routine metallographic checks on the heat treatment 
processes carried out. This department is also concerned 
with the analysis and examination of any service failure 
which may occur, and is actively engaged in the develop- 
ment and quality control of other metallurgical opera- 
tions within the organisation. Among up-to-date 
equipment used in the metallographic and physical 
laboratory and the chemical laboratory are the following : 
a Reichert M.E.F. camera microscope, a Watson 
Holophot microscope, metallographic mounting and 
polishing machines, and a Denison tensile testing 
machine. 

The adjoining heat treatment department is divided 
into three sections—a high speed, tool steel and piston 
heat treatment section, a general heat treatment section 
and an inspection section. Heat treatment of high speed 
steels, highly alloyed steels and tool steels is carried out 
by the use of Birlec, G.E.C., and EFCO, batch type 
furnaces, Birlec forced-air-circulating tempering furnaces, 
Birlec-Cassel salt bath furnaces, and Shorterizing equip- 
ment. Also included in this section are machines for 
vapour-blasting, shot-peening and shot-blasting. 

In the general section, heat treatment of constructional 
case-hardening steel is carried out by operations involving 
annealing, normalising, carburizing, hardening and 
tempering. Equipment in this section includes Wild- 
Barfield drip-feed gas carburizers, EFCO salt bath 
furnaces, Birlec 110 kW. pack carburizing furnaces and 
various types of oil quenching equipment. Spenstead 
rotary shot blast equipment is used for general shot 
blasting operations. 
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This rotary shot blast machine cleans rock drill components prior 
to further processing. 


Hardness and other tests are carried out in the inspec- 
tion section, through which all finished heat treated 
work passes. The equipment used includes Brinell, 
Rockwell, Vickers and Shore Sceleroscope hardness 
testing machines. 


News in Brief 


ALFRED BuLLOWs AND Sons, Lrp., Walsall, announce 
that they have made an agreement with the Gray 
Company, Inc., of Minneapolis U.S.A., whereby they 
have sole distribution rights in the U.K. for the complete 
range of Graco industrial equipment, which includes, 
under main headings, Hydra-Spray airless spray painting 
equipment, heavy material spray and extrusion equip- 
ment, and fluid transfer equipment of all types. 

THE production of springs at the old established firm of 
W. Griffiths and Sons, Ltd., of Brightside Lane, Sheffield, 
is due to cease shortly, as its railway spring making 
business and certain items of plant have been acquired 
by English Steel Spring Corporation, Ltd. The 
Corporation looks forward to continuing the happy 
business associations previously enjoyed by William 
Griffiths. 

F. M. Parkin (SHEFFIELD), Lrp.. tool steel and tool 
manufacturers of St. Thomas Steel Works, Aizlewood 
Road, Sheffield, 8, have recently purchased the entire 
share capital of Thomas Andrews and Co., Ltd., steel 
manufacturers of Royds Works and Hardenite Steel 
Works, Sheffield, 4. Messrs. Andrews will continue to 
trade under their own name as high speed steel, alloy and 
crucible cast steel and too! manufacturers. 


Tae London area sales office of Northern Aluminium 
Co., Ltd., has been removed from Bush House to new 
premises at 50 Eastbourne Terrace, London, W.2, where 
the telephone number is Paddington 3281, and the 
telegraphic address Noralumin London. 

Tue address of the Northampton depot of British 
Insulated Callender’s Cables, Ltd., is now 18/22 St. 
George’s Street, Northampton (telephone : Northampton 
1860). 
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Sign Conventions in Electrochemistry 
By J. M. West, M.A., Ph.D.(Cantab), A.I.M. 


Department of Metallurgy, University of Sheffield 


Existing sign conventions for single potentials and cell e.m.f's are described, together with 


the compromise solution recommended by recent international commissions. 


The need is 


pointed out for stating explicitly the convention employed in published work. 


T the present, there are in common use several 
different conventions regarding the sign attri- 
butable to single, or half-cell, potentials and the 

e.m.f’s of cells and batteries. This is liable to produce 
greater or less confusion according to the student's 
familiarity with one or all of these conventions. The 
problem has, naturally, been discussed in the literature ? 
and what follows is an attempt to render explicit, at an 
elementary level, the differences and similarities not 
readily perceived in more advanced treatments. The 
references given are not intended to be exhaustive, and 
are confined chiefly to the authors of the more common 
textbooks on physical chemistry. 

The two principal schools are the ** European ’’*!! and 
the ‘* American ’’!*"*!, who differ in the sign which relates 
the free energy and the e.m.f. of an electrochemical 
process. Thus, for a reaction characterised by a free 
energy change AG when zF coulombs are transported 
through a potential drop E : 


European convention AG + (El) 
American convention AG ~zFE (Al). 
So that, from the van’t Hoff isotherm 
[products | 
AG = AG? 
[reactants | 


where square brackets denote the appropriate products 
of activities, 


(products 
- In =— — (E2 
 |reactants]} 


American convention E—E -In - 
zF {reactants} 


(A2) 


Since the “ products and reactants are regarded by 
both schools as provided by an elementary oxidation of 
the form 

M + ze (3), 


this gives, in turn, different expressions for the Nernst 
equation! relating e.m.f. and concentration : 


European convention E E° + In (E4) 
Americar. convention E = E° — In (A4) 
zF 


The logical outcome of these different formulations of 
the Nernst equation is the different sign of the single 
potentials assigned to the electronegative elements. It 
may be shown experimentally, and deduced on theoretical 
grounds,* that for any half-cell M/M%*, the difference 
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between the (inner) electric potentials — 
(written as . td, following the useful notation of 
Parsons?*) increases as the activity {M%*+] of the oxidised 
component increases. Accordingly, it is necessary for the 
two schools to adopt different ways of deriving the 
single potential. In either instance, the half-cell is 
coupled to a standard (i.e. normal) hydrogen electrode 
by means of a suitable salt bridge to eliminate any 
liquid junction potentials. The usual convention, that 
the single potential dy of the normal hydrogen 
electrode is zero, is used, but the single potential of 
M /M*+ is then taken as the e.m.f. E of the cell measured 
as follows : 


European Convention 
M| M+ || H+ | H,, Pt 
bv du=0 
Exaropean="A* Out O° 
="A+ by 


American’ Convention 


Pt, H, | H+ || M+| M 
At tA° ou 
Eamerican =" A + bu 
=+A° ou 


Thus, the “ European” single potential is that 
adopted by the solid electrode M relative to that of its 
electrolytic solution, whilst the ‘ American”’ single 
potential, perhaps somewhat less realistically in view of 
the location of the principal source of the e.m.f. at the 
metal-metal junction," is “ solution centred.”” It may 
also be seen that the metals gold, silver and copper, 
which have a positive electron affinity relative to 
hydrogen (reflecting a positive tendency for these 
elements to attract electrons to themselves when in a 
molecular compound containing hydrogen atoms), have 
positive potentials on the ‘‘ European” convention 
(negative on the ‘‘ American ’’) and those with a negative 
electron affinity relative to hydrogen have negative 
potentials (positive). However, an advocate of the 
‘** American ” school can retort equally logically that, on 
his convention, the electronegative elements have 
negative potentials ! 

A consequence of the difference in convention for 
ascertaining the single potentials is that the e.m.f’s of 
electrolytic cells and batteries are positive on the 
“ American ” convention but inconveniently negative on 
the ‘‘ European.” For example, the Daniell cell is 
written 

Zn | 


Cu 


i.e. with the negative pole (anode) at the left hand side. 


The cell e.m.f., which is the difference between the two 
single (oxidation) potentials (E,... Ezn E,,,), becomes 
+O-7 — (— 0-3) = + 1-0 V. on the * American ”’ con- 
vention and — 0-7 —(+ 0-3) 1-0 V. on the other. 
Since the overall cell process 
Zn + Cu®+ + Zn?+ + Cu 
is spontaneous (AG. <0), the sign of the cell e.m_f. 
clearly follows directly from (Al) and (El) respectively. 
To overcome the minor disadvantages inherent in each 
system, various “ splinter ’’ groups have emerged from 
the two schools, e.g. Potter?? and Moelwyn-Hughes* 
from the “ American and Hoar* from the European ” 
each group accepts the “ European” sign for single 
potentials and the ** American” for cells and batteries. 
Potter begins from equations (Al) and (A2) but, in 
order to reconcile these with the convention Exuropean 
A+ dy for single potentials, and so with the Nernst 
equation (E4), regards these as reduction potentials 
derived from an elementary reaction of the type 
Me+-+sewM .. .. «+ (PS). 
This, it might be argued, is fair and reasonable if a little 
against the main stream. He maintains this uniqueness, 
however, when, in order to arrive at a positive e.m.f. for 
the Daniell cell, he reverses the accepted convention for 
writing cells (with the anode at the left) ; thus, 
Potter's Convention for Cells 


Cu | Zn?* | Zn 
Ey u A dou Ezn zn 


Eou Ezn + O-3 ( 0-7) 1-0 
This would not matter, except that he is forced to use 
the normally accepted convention when deriving single 
potentials. 

Hoar begins from equations (E1) (E2) and, using the 
normal concept of oxidation potentials, arrives at the 
* European ” sign for single potentials. For ascertaining 
cell e.m.f’s, however, he adopts Potter's convention, so 
introducing the further inconsistency that neither (Al) 
nor (El) may be applied to both single potentials and cell 
e.m.f’s. As will be seen below, this resembles the 
compromise solution proposed by Lange and van 
Kysselberghe® in their discussion of CITCE’s report.?7 

This sort of inconsistency is inherent in any attempt to 
reconcile two opposing systems each logically consistent 


within itself. But, in view of the undesirability of 


maintaining two such systems side by side, efforts have 
been made in recent years to agree on some sort of 
compromise—indeed Latimer, whose book! has been one 
of the principal causes for the popularity of the 
* American ”’ convention, has been generous enough to 
offer to switch camps and adopt the ‘ European ” 
convention.'® Nevertheless, recognising that each school 
is so firmly entrenched behind its textbooks, two inter- 
national commissions have recommended a com- 
promise.“-?* They suggest that we should carefully 
distinguish between the electric potential difference,” 
(French tension and German Spannung *’) and 
the e.m.f., E. These oppose one another and are accord- 
ingly equal in magnitude but opposite in sign. For 
single potentials, it is proposed that we should measure 
the * relative electric potential difference ”’ (i.e. the inner 
potential relative to that of hydrogen) and equate this 
to the free energy change : 

(r.) e.p.d. by “A+ by ou + AG/2F 


which leads to (El) with the substitution of ° A + dy for 
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E. This approach is used, for example, by Parsons?® in 
his discussion of electrified interphases, and Hoar’s 
convention may be regarded as similar. For cells, on the 
other hand, the signs of the single potentials are reversed, 
since it is the e.m.f. of each half-cell which contributes to 
the total e.m.f. The usual cell convention is followed so 
that, for the Daniell cell, 

e.m.f. = Ezn Ecu . dou At dun = A Geet 


As a result, it is clear that the expedient of hair-splitting 
may yet effect reconciliation, equation (El) being 
suitable for even dates and equation (Al) for odd. This 
will leave the ** European ’’ members satisfied that gold 
has a positive single potential and the ‘‘ American ” that 
cells have positive e.m.f’s. Meanwhile, it would seem 
that one’s wisest course is thoroughly to master both 
American” and European”’ systems, and to state 
explicitly the convention adopted when publishing original 
work, 
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International Corrosion Congress 


Tue First International Congress on Metallic Corrosion 
will be held in South Kensington, London, during the 
week April 10th to 15th, 1961, under the Presidency of 
Sir Harry K.C.B., F.RS. Mr. E. L. 
STREATFIELD has been appointed Chairman of the 
Executive Committee, and Dr. J. Ferauson, Chairman 
of the Finance Committee. The Honorary Secretary is 
Lr.-Cou. F. J. Further information may be 
obtained from the Honorary Secretary at 14, Belgrave 
Square, London, 8.W.1. 
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Tube Investments Research Laboratories 
Work in Progress at Hinxton Hall 


General view of the new laboratory block 


S long ago as 1929, Tube Investments, Ltd., estab- 
lished a research and development department in 
Birmingham, but it was seen early in the 1950's 

that such activities needed to be substantially increased, 
particularly in the direction of long term research. 
Accordingly, Hinxton Hall, near Cambridge. was acquired 
in 1954 as a centre for the T.1. Research Laboratories, 
which are intended both to provide the scientific basis 
for development work and to contribute to fundamental 
research in scientific fields of major interest to Tube 
Investments. 

At the same time, a start was made on the reorgani- 
sation of the existing Research and Development 
Department and the establishment of further new units. 
Teams of specialists in such subjects as data handling 
and control engineers were assembled at Walsall and later 
the experimental! units of T.L.’s original Research and 
Development Department were merged with these teams 
to form the T.I. Technological Centre. The principal 
function of this unit is to undertake applied research 
and development, particularly in the process engineering 
field, aimed at reducing costs, improving quality and 
introducing new products. It also assists the develop- 
ment departments of T.1. manufacturing companies with 
current production and development problems. 

Besides the Research Laboratories and Technological 
Centre, the Division includes the T.I. Department of 
Technical Information (Birmingham), the T.I. Computer 
Unit (Walsall) and the T.I. Operational Research Unit 

Birmingham). The first of these provides a central 
technical library and information service and deals with 
patents; it issues weekly abstracts of technical informa- 
tion of likely interest to T.1. The Computer Unit 
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consists of programmers and system engineers, and is 
making a study of the best ways in which computers 
can economically be used in 'T.1., whilst the Operational 
Research Unit undertakes analyses of company manu- 
facturing and office procedures for management. 

The total staff of the T.1. Research and Development 
Division now exceeds 450, of whom about a third are 
employed at Hinxton Hall. The chief executive is Sir 
Ben Lockspeiser, Scientific Director of Tabe Investments, 


Ltd. 


Scope of the Work 


Research work started at Hinxton in the Hall itself in 
1954. During 1956-8, a new laboratory block was built 
nearby and most of the research activities have now been 
transferred to this building. The library, conference room, 
administrative and technical service accommodation 
remain in the old Hall, and the main workshops are 
housed in converted outbuildings nearby. The three 
floors of the new laboratory, which contains a lecture 
theatre, have a total floor area of 32,500 sq. ft. The 
laboratory was designed mainly for work in the solid state 
physies field, but provision has been made for specialist 
facilities in other fields. 

The manufacture of seamless tubes in steel and other 
alloys involves severe deformation of the material. The 
initial, intermediate and final properties are thus of 
prime importance to the tube maker, and at Hinxton Hall 
the basic scientific work needed by the T.L. Technological 
Centre at Walsall is carried out. In some of the research 
work, there is no immediate practical objective, but 
study of such fundamental matters as the reasons for the 
strength or weakness and ductility or brittleness of 
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Using high energy radiation in research 


materials may have far reaching technological conse- 
quences as yet unforseen. In the following account, 
reference is made to some aspects of the work in progress 
in the Research Laboratories. 


Electron Microscopy of Thin Metal Films 


As many production operations in T.I. involve the 
mechanical deformation of a wide variety of metals, 
basic research on the detailed mechanism of deformation 
has figured prominently in the research programme. To 
facilitate this work, two electron microscopes and an 
electron diffraction apparatus have been installed, 
together with the ancillary equipment necessary for 
their application. In the electron microscope, an electron 
beam can be passed directly through a very thin metal 
specimen to obtain a highly magnified image of the metal, 
in which certain crystal lattice defects such as dislocations 
can be observed. 

Remarkable practical confirmation of the metal 
physicists’ theory of metal deformation in terms of the 
movement and interaction of these defects has been 
obtained. In the course of this work use has been made 
of direct high resolution of the lattice and of an indirect 
method, developed and extensively investigated at 
Hinxton Hall, of forming ‘‘ moire ” interference patterns 
between a pair of overlapping crystals. 

Thin metal films possess very high mechanical 
strengths, far beyond those exhibited by bulk metals in 
ordinary use, and it would be of considerable interest to 
know why this is so. It has been possible to study both 
crystal slip processes as deformation occurs, and also the 
fracture of thin metal films by stretching them while 
under direct observation in the electron microscope. 
These studies are adding appreciably to knowledge of the 
way in which the microstructure can influence the 
mechanical properties. 


Mechanical Properties of Non-metallic ** Whisker’ Crystals 


The actual strength of materials has been found to be 
well below the values that theoretical calculations 
suggest. In the case of metals, lattice defects (disloca- 
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tions) contribute to toughness and ductility. but are 
also now known to be responsible for the relatively low 
strength. When metals are made into very thin needle 
crystals (“ whiskers’), the actual strength is greatly 
increased at the expense of ductility, and may approach 
the theoretical strength. Brittle solids, like glass and 
ceramics, are not ductile, even when they are crystalline, 
because the dislocations are immobile. For this reason, 
cracks can run through them easily and quickly, so that 
they have limited use and are generally regarded as 
weaker than metals. But extremely thin “ whiskers or 
fibres’ of these brittle materials are often free from 
cracks, and may show the highest mechanical strengths 
so far recorded for any solids (e.g. about 1,000 tons ‘sq. in. 
tensile strength for ‘* whiskers *’ of aluminium oxide and 
silicon carbide). Very strong “ whiskers’ have been 
made at Hinxton from a number of refractory materials, 
such as aluminium nitride and oxide, and silicon carbide 
and nitride, which in bulk are very weak. The practical 
objective behind this research work is an attempt to 
use the very strong “ whiskers’ to make engineering 
materials with improved resistance to heat and to 
mechanical and thermal shocks. 


Influence of Impurities on Metal Deformation 


Steel—Modern tube making methods demand a regular 
supply of high quality steel, and although a lot of 
empirical information exists about the effects on metal 
workability of residual elements (copper, tin, nickel, etc.) 
which are finding their way into steel, little is known 
about the exact way in which they behave. These 
“tramp ” elements segregate at the steel surfaces during 
the preferential oxidation which occurs in steel reheating 
operations, and this process is being studied with the 
X-ray scanning microanalyser. 

Beryllium—This metal is being considered as a canning 
material for high temperature gas cooled reactors, and 
because of its high specific strength and stiffness might 
be used for missile and aircraft components. However, 
tube fabrication and other metal forming operations have 
proved difficult because of its lack of ductility. A basic 
study of the influence of impurities on beryllium ductility 
is, therefore, being carried out. Commercially pure metal 
is being examined with the aid of the metallurgical micro- 
scope in a search for impurity effects, and it is believed 
that, for the first time, a precipitation phenomenon has 
been revealed. 

Part of this research has been sponsored by the U.K. 
Atomic Energy Authority. Support is being given to 
the T.I. Technological Centre at Walsall which, with the 
Chesterfigd Tube Company, a T.I. subsidiary, has 
developed techniques for making tubes of this intractable 
metal. 


Research Related to Tube Making 


The more fundamental aspects of the metal working 
in tube making are being studied. Piercing is relatively 
“kind ”’ to the material, but difficulties are’ sometimes 
experienced due to off-axis punch drift. Experiments 
using Plasticine as a model material are being made to 
establish the causes and suggest means of overcoming the 
trouble. 

Model experiments are also being used to obtain fuller 
understanding of cross rolling techniques for rotary 
piercing and elongating operations in tube making. Hot 
manipulation of alloy steels have become more important 
as the demands for high quality tubes for the ball and 
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roller bearing and machining industries have increased. 

An experimental horizontal press, incorporating an 
electrical oil hydraulic drive control system is available 
in this section. It is intended for studies of tube drawing 
and other metal working operations, and for following up 
theoretical studies. 


Lubrication and Wear 

Metal forming operations usually involve slip bet ween 
metal surfaces under very high loads and at high tempera- 
tures, and the lubrication and wear processes can be of con- 
siderable importance in producing acceptable products. 
A study is being made of the basic physical and chemical 
principles involved in lubrication during metal drawing. 
Radio-tracer techniques have been used to determine the 
often minute amount of lubricant (a few millionths of an 
inch thick) passing through with the drawn material. 
Lubricant can be trapped by forming suitable pockets 
on the surface, for example by grit-blasting, so that 
even with chemically inactive lubricants, reductions in 
cross-sectional area are limited, in the research equipment 
developed, not by lubricant breakdown, but by the 
ultimate tensile strength of the drawn material. 

The wear of tungsten carbide is being studied by 
radio-tracer techniques. Tungsten carbide is normally 
bonded with cobalt for use in dies. Both the tungsten 
carbide and the cobalt can be made radioactive, and the 
radioactivities of the separate components decay at 
widely differing rates, which makes possible a detailed 
study of the wear process. It has been found that the 
wear of tungsten carbide is steady, not erratic as had 
previously been supposed. 

The influence of a number of variables on wear for 
dry and lubricated sliding on steel, copper and other 
metals, has been determined. When the slider passes 
from a dry region to a lubricated one, the wear rate may 
adjust to its new value in a few milliseconds. Small 
mechanical defects in the copper or steel cause sharp 
local increases in wear, and patches of rust may increase 
the wear a hundredfold. Practically all good lubricants 
cause some chemical attack, so that the wear in presence 
of a lubricant may sometimes exceed that on the dry 
metal. 

The reverse process of transfer of copper or steel to 
the tungsten carbide, usually known as pick-up, is being 
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Microanalyser equipment 
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studied with radio-tracers. Microgram quantities of 
copper transfer steadily to the carbide surface and then 
back again, carrying small percentages of the carbide 
with them as sliding proceeds. 

Welding Studies 

Resistance Welding—Theoretical and experimental 
studies have shown that the flow of electricity across the 
boundary between two metals placed in contact does not 
follow the normal laws of electrical conduction for bulk 
material. This means that the heat generated by the 
current in crossing the boundary is different, both in 
magnitude and distribution, from that predicted by 
older theories. The impact of these findings on resistance 
welding is being studied with mechanical loads and 
electric currents applied for precise time cycles, and 
analogue techniques are being used to study the geometry 
of current flow patterns. 

The use of short time high current pulses to investigate 
the initial stage of the conventional spot welding opera- 
tion has been developed. Condenser banks for electrical! 
energy storage, and special transformers and circuits 
with the characteristics necessary to concentrate the 
energy required for the short time high current pulses, 
have been designed and built. 


Ultrasonic Welding—It has been demonstrated that’ 
when two aluminium sheets are held together and 
subjected to appropriate ultrasonic vibrations, a strong 
weld can be produced between them, but the exact 
manner in which this occurs is not yet clear. The 
dependence of weld strength on the time for which 
vibrations are excited has been investigated, as also has the 
effect of varying the forces applied during the process. 
An examination of the interfaces between welded sheets 
is helping to explain why surface oxide breaks up and 
allows a metal-to-metal contact. 


Corrosion Studies 


Stress Corrosion—Tae mechanism of this form of 


corrosion, occasionally a serious problem with heat 
A study has 


exchangers, is not understood in detail. 


Wear and lubrication research 
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Welding research 


been made of the way in which the stress corrosion crack 
penetrates the metal, and this has shown that mechanical 
stress and chemical attack can operate together to bring 
this about. The crack penetrates in steps, the crystal 
structure and the state of strain in the alloy playing an 
important part. 

Corrosion and Passivity— Because it depends as much 
on environment as on the material, there is no absolute 
scale of corrosion resistance. The relative performance 
of alloys is different in each environment. An understand- 
ing of the basic electro-chemistry of the corrosion 
reactions is being sought, particularly for stainless steels. 
Knowledge of the conditions under which the protective 
oxide films are stable will help us to predict which of 
these two factors has to be considered in any given case. 


The X-ray Scanning Microanalyser 

The first prototype instrument was developed at the 
Cavendish Laboratory, Cambridge. As it promised to 
be a most powerful research tool for the metallurgist, 
T.1. scientists have designed a microanalyser specifically 
for work on metallurgical problems. 

An electron beam focussed to a diameter less than one 
micron scans the specimen surface in a similar manner 
to the beam in a television tube, but rather more slowly. 
X-rays are emitted by the surface atoms when irradiated 
by this beam, and an analysing crystal is used to select 
the emission from any chosen element present. This 
emission is then detected and the signal used to modulate 
the brightness of a second electron beam scanning a 
fluorescent screen. Since both beams are scanned in 
synchronism, a picture is “ painted’’ on this screen, 
exhibiting the distribution of the element selected over 
the area being scanned on the specimen. 

This X-ray image can be compared with an electron 
image formed simultaneously by making use of some of 
the electrons that ‘ bounce’ back off the specimen. 
This reflection electron image reveals the surface 
topography very clearly, and is displayed side by side 
with the X-ray image for comparison. Point quantitative 
analyses and a linear distribution display are also possible. 


Tube Eccentricity Meter and Screening Micrometer 


Tube manufacturers frequently need a means of 
measuring tube concentricity. An electrical method has 
been developed, in which wall thickness variations are 
assessed by their electrical screening effect. Transmitting 
coils inside the tube are electromagnetically excited to 
produce a field and to induce signals in two external! coils 
placed diametrically opposite. If the wall thickness of 
the tube being tested varies, its screening effect on the 
electromagnetic field passing through the tube wall 
causes a different signal to be developed in the two 
external coils. This signal can be arranged to indicate 
as a measure of the wall thickness difference. 

Arising out of this work, a remarkably sensitive 
micrometer device has been developed at Hinxton. It 
also operates on a variation of the electrical screening 
principle. This instrument can be used for recording 
small displacements in length measurements (e.g. as in 
creep testing), as a sensitive position indicator, or as a 
limit switch where an extremely small movement of the 
operative part must give reliable operation of the switch- 
ing circuit. In applying the new device, only a very 
small attachment need be made to the moving part of 
the device being studied. Its versatility is such that it 
can be used to study movements of half an inch or a few 
millionths of an inch. 


Application of High Energy Irradiation to Plastics 

Research on radiation-induced chemical reactions has 
been undertaken to determine the scope of this technique 
in chemical synthesis and fabrication processes. Many 
radiation-induced chemical reactions can be reproduced 
by conventional chemical methods, but radiation is 
unique in being able to induce such reactions in fabricated 
shaped objects. Thus, polymers can be crosslinked at 
normal temperatures, avoiding the use of costly moulds. 
Attention has also been given to means of economising on 
the radiation doses necessary for crosslinking of polymers. 
This has involved research on fillers, and polymerisable 
plasticisers. 


Alcan Paint Line 


Tae ALuminuM Co. or Canaba, Lrp., have announced 
plans to construct, at a cost of nearly $600,000, a 
continuous coating line for the production of painted 
aluminium sheet and coils as an addition to the com- 
pany’s sheet mill at Kingston, Ontario. The new installa- 
tion will enable Alcan to offer aluminium sheet in a wide 
range of baked enamel colours to complement plain, 
embossed, patterned and anodised finishes presently 
available. The decision to proceed with this new facility 
was prompted by the increasing demand for colour im a 
wide variety of existing and potential aluminium applica- 
tions, in both the industrial and consumer fields. Im. 
portant market areas include awnings, residential and 
industrial roofing and siding, wall and ceiling panels, 
mobile homes, license plates and many other miscel- 
laneous applications where durable factory-applied 
colours are required. The paint line, scheduled for 
completion early next year, will be housed in a new single 
storey building and will consist of modern automatic 
equipment for pre-treating, painting and baking alumi- 
nium sheet in a continuous operation. Embossed and 
patterned sheet, as well as plain sheet, will be supplied 
coated with baked enamel. The paint line will be capable 
of handling material up to a maximum width of 48 in. 
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Mineral Dressing 
Laboratory 


G.E.C. Transfer 
Activities to Erith 


part of the Research Laboratories of The General 
Electric Co., Ltd., at Wembley since 1930, has now 
been transferred to the Company’s Mechanical Engin- 
eering Works at Erith, Kent. Advantage has been taken 
of this move to add to and expand the range of the 
laboratory equipment, which now covers an even wider 
field than before. The new facilities are believed to be 
the most comprehensive of their type in this country. 
For some time, ever-increasing demands on space at 
Wembley, coupled with the re-organisation of the 
Mining Department at Erith, have given rise to serious 
consideration of the position of the laboratory. It was 
eventually decided that there was much to be gained by 
a move to Erith, especially as many valuable facilities of 
the Wembley Laboratories, including analytical services 
and X-ray diffraction for the identification of minerals, 
would still be available. The closer co-operation that 
would be possible with the engineering and sales 
departments at Erith was a major consideration in 
making this decision, since one of the primary objects of 
maintaining the laboratory is, of course, to promote sales 
of mining machinery. 


4 YHE Mineral Dressing Laboratory, which has been 


Functions 


The investigations of a mineral dressing laboratory 
are particularly important for a new mining project or 
for one that is being reorganised and expanded. A large 
mine will require power plant, headgear and winder, bins. 
conveyors, pumps, crushing, grinding and screening 
machinery, and mineral separation equipment. Although 
the cost of the separation equipment may not be a major 
item, this part of the plant is the key to the whole project. 
If the recovery of the valuable mineral should be too 
low, the entire plant would be an economic failure ; if the 
grade of product should not meet market requirements, 
there would be no revenue. The function of the 


laboratory is to find a process or combination of processes 
giving an adequate recovery of a product that will meet 
market specifications or the demands of a smelter. If the 
laboratory work is successful, plant layout and design can 
follow. 
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A section of the wet laboratory on the ground floor. 


The new laboratory at Erith is self-contained, and it 
will ultimately have a staff of seven, of whom four will be 


university graduates. The original laboratory at 
Wembley was set up for flotation work and simple 
gravity concentration, but it has grown to such an extent 
that practically all ore treatment and coal preparation 
processes can now be carried out. In addition to the 
testing work outlined above, there will be a continuous 
development programme for new machines and processes. 


Equipment 

In the laboratory, primary crushing is performed in a 
jaw crusher which can take 2 in. pieces. If a large batch 
has to be broken down, the product from the crusher can 
be discharged into a Sherwen spiral conveyor in which it 
is elevated to a Sherwen screen, crushing and screening 
being completed in a single operation. Secondary 
crushing can be carried out with rolls if desired, but, as 
the jaw crusher is comparatively small, it can easily make 
a product suitable for ball or rod mill feed, and so rolls are 
seldom used. Batches of ore are handled in standard 
steel pans by means of a Slingsby pan truck and a 
hydraulic lifting device. A dise grinder is available for 
fine grinding of assay samples but is not used for pre- 
paring ores for treatment. 

Coarse ore can be treated by heavy-medium separation 
or in a jig. The H.M.S. machine is a very effective unit 
with a 20 in. diameter separating cone, a Sherwen screen 
and a Wilfley pump.  Ferrosilicon or magnetite is 
normally used for making the medium in which separa- 
tion takes place, and a separating density as high as 
3-5 can be reached. Feed up to 4 in. in size, and some- 
times up to } in., can be treated. The jig unit works well 
with } in. feed but is too small to take larger material. 

Fine ore and coal can be concentrated in Humphreys 
spirals, on a shaking table, or by flotation. The spirals 
are full-size commercial units which can be run either 
with a continuous feed or, for relatively small samples, 
with a batch feed in a closed circuit. The table is a 
small-scale machine for continuous running, with 
circulation of middlings if required. Flotation is carried 
out in batch cells of various sizes. 
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An experimental laboratory-scale high-voltage separator unit. 


The two Humphreys spirals and the small concen- 
trating table used for the concentration of fine ore 
and coal. 


A wet magnetic separator is available either for 
treating ores containing highly magnetic material or for 
cleaning magnetic media used in the heavy-medium 
separation machine. Dry processing can be done in a 
high-intensity magnetic separator of the cross-belt type 
or by high-voltage (“ electrostatic ’’) separation in a 
laboratory-size unit, both machines being capable of 
continuous operation. 

Preparation of ore for processing can be carried out by 
grinding and classification. Laboratory grinding pro- 
cedure has been developed to a stage of high efficiency. 
It can be carried out in batch or continuous mills, with 
either balls or rods, in open or closed circuit. A special 
hydraulic classifier has been developed which can be used 
either for batch or continuous sizing and can be incorpo- 
rated with the grinding unit when closed-circuit operation 
is required. In addition, a conventional 3 in. cyclone 
unit is available for classification or desliming, either by 
batch or continuous operation. 

A rotary vacuum filter is used for dewatering solids 
during preparation and separation procedures. It can be 
used when required for filtration tests. Batch filters are 
employed for dewatering small samples and ovens are 
provided for drying the products made during the 
testing programmes. 

Control equipment includes a Rotap sieve shaker and 
standard sieves, a Haultain superpanner and a Franz 
magnetic separator. These, used in conjunction with 
microscopic inspection, X-ray diffraction, and chemical 
analyses are invaluable for examining new ores and for 
assessing the results of treatment. 


Layout and Services 


The laboratory is laid out on two floors, one end of the 
building being for wet work and the other for dry. 


Offices and balance room are on the upper floor and there 
is a small workshop on the ground floor. The building 
has A.C. and D.C. electrical supplies ; compressed air 
comes from the works main and is reduced to any required 
pressure by a regulator in the laboratory ; vacuum, 
mainly for filtration, is supplied by a wet vacuum pump ; 
water comes from a steady-head tank which eliminates 
pressure variations. 

Much of the laboratory equipment is portable and has 
been designed for plugging in at any convenient point so 
that machines can readily be assembled into various 
combinations, such as a rod or ball mill, classifier, 
circulating pump and feeder. All equipment is kept 
ready for use at a moment’s notice so that attention can 
be concentrated on the technical aspects of ore treatment 
and no time is lost in devising ways and means of linking 
up the various units. 


Birlec Contracts 


Tue Ford Motor Co., Ltd., has placed with Birlec, Ltd., 
orders totalling some £75,000 for three gas carburising 
furnaces. The largest, a continuous furnace heated by 
gas-fired radiant tubes, is the third such furnace 
commissioned from Birlec by Fords for carburising 
transmission gears. Orders for two special Birlec gas- 
fired sealed-quench furnaces for clean hardening, 
carburising, and carbo-nitriding, have also been placed 
by the same company. 

E.N.V. Engineering Co., Ltd., has ordered from Birlec 
two sealed quench furnaces for gas carburising crown 
wheels and pinions, which will augment the Birlec 
carburising capacity already installed at E.N.V. 


New Office Block 


British Furnaces, Lrp., Chesterfield, are in the process 
of building a large new two storey office block. This 
new building has been made necessary by the increasing 
demand for the company’s products and services. An 
extra 8,000 sq. ft. of space will be made available to house 
the administration, production, design and development 


departments. 
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Conveyor System in the 
New Paint, Trim and 


Assembly Building of the 
Ford Motor Co., Ltd. 


HE new paint, trim and assembly building of the 
Ford Motor Co., Ltd., Dagenham, is now in full 
production. This building, constructed and equip- 

ped at a cost of £10M., was the last and largest phase of 
an expansion programme which was started in 1954. It 
represents careful and detailed planning throughout 
and, incorporating many years’ experience in motor 
production, modern techniques and equipment, is con- 
sidered the most advanced of its kind known today. 

The building is two storeys high, 1,215 ft. long and 
630 ft. wide, with a number of subsidiary buildings and 
plant houses. The paint shop is on the first floor, and 
the trim and assembly shop on the ground floor. It was 
constructed on a forty-eight acre site to the east of the 
body manufacture plant, to which it is linked by an 
enclosed conveyor bridge spanning a main road. 

The design of the building and the siting of the various 
process plants was largely determined by the system of 
conveying the bodies through the shop. The design and 
installation of the complete mechanical handling system 
was undertaken by Geo. W. King, Ltd., whose engineers 
worked in close co-operation with the planners and pro- 
duction engineers for many months before actual 
building was begun. This conveyor installation is 
entirely automatic; it comprises overhead and floor 
conveyors incorporating a system of * indexers ’’ which 
call bodies from one section to another, with automatic 
transfer sections for movement from one system to 
another, including the passing of the painted bodies into 
the trim and assembly shop on the ground floor below. 
Approximately ten miles in length, it may at any time 
be carrying over 1,500 bodies. 


Into the Paint Shop 


The bodies are loaded on to the King ** Dual-Duty ” 
overhead conveyor by push-button-operated drop sections 
at the pick-up points in the body in white shop. The drop 
sections are an essential part of the system and occur 
throughout where it is necessary to transfer from floor to 
overhead or overhead to floor conveyor. When the drop 
section is raised, the body, which is attached by steel 


October, 1959 


Bodies in line storage at the beginning of the process in the paint 


shop. 


sligns, is automatically moved forward into a six-bank 
indexer section from where it is subsequently called into 
the main transport conveyor. The indexer is a device for 
stopping and starting a load trolley without stopping the 
conveyor itself, and is employed for storing bodies on 
live-line track until they are required. Should the main 
transport conveyor stop due to a hold-up in the paint 
shop, the body remains in this indexer section, while an 
interlocking device prevents the drop section from 
operating after the last indexer has been filled. 

The processing plants throughout the paint shop are 
duplicated, and as the bodies arrive over the conveyor 
bridge they are automatically transferred to two lines in 
alternate rotation, where they are first held in storage. 
Should any variation in production cause a stoppage to 
one line, and the subsequent filling of the storage section, 
bodies will automatically pass to the line able to receive 
them. When that line is filled the main transport con- 
veyor stops. Re-starting is automatic when the last 
indexer in either line becomes vacant. Electric switches 
are also provided adjacent to the transfer point should 
it be desired to isolate one line. 

Bodies are released for entry into the first of the process 
plants, a six-stage phosphating machine, by an empty 
pusher dog on the return strand of the conveyor feeding 
this plant. Leaving the phosphating machine the bodies 
are passed into the dry-off oven. Here a special feature 
of the * Dual-Duty ” conveyor allows the automatic 
stripping of bodies from the ovens on to overhead storage 
lines without losing sequence of flow at such times as 
meal breaks, end of shifts, ete. In addition, the length 
of chain subject to corrosion and wear is confined to the 
phosphate machine only. 

After travelling through the upper sealer deck, the 
bodies, having reached the end of the shop, are turned 
and, continuing in two lines of duplicate processing, 
receive underbody treatment in the slipper dip where the 
“ Dual-Duty ” is sufficiently dipped down above the 
tanks. After primer spray booth, primer bake oven and 
cooler, the bodies move forward to a drop section for 
changeover from overhead to floor conveyor. During this 
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The conveyor turns and the bodies enter the slipper-dip. 


Drop section transferring a body into the trim and 
assembly shop below. 


changeover, skids are fitted to the underside of the bodies 
and the slings released when the bodies have been 
positioned on the floor conveyors. The slings remain 
attached to the drop section which is then raised by 
push-button control and, before being returned by 
overhead conveyor to the body in white shop for re- 
commencement of the cycle, are passed through a wash 
for the removal of paint overspray. 

The King floor conveyor comprises a two-strand roller 
chain forming a moving line on which the bodies rest on 
their skids. This conveys them through the primer wet 
sand deck and dry-off ovens, and on to a further section 
placed at right angles for transfer to the next down-shop 
process. In order to keep the bodies in ** road * position, 
turntables have been included in the last section of the 
line so that they are in the correct position on the 
powered rise-and-transfer table. 

The powered transfer table, which occurs at various 
points where transfer at the same level is required, is 
entirely automatic in operation, the movement of the 
tables being controlled by limit switches operated by the 
body skids. The body travels forward on one conveyor, 
and at a pre-determined position a limit switch is 
operated which lifts the table in the transfer conveyor on 
to which the body is then passed.” Once the body is in 
position the table lowers, depositing the body on to the 
transverse moving chain. A further table lifts the body 
clear of the transverse chain and propels it to the receiving 
conveyor at the tail end. 

The bodies now receive their ground coat sprays, are 
passed through wet sanding and baking processes, and 
finally receive their enamel spray. After they have 
travelled through the final baking oven, they may be 
passed directly to storage lines to await transfer to the 
trimming shops or, in the case of two-tone colours, may 


be transferred to the two-tone plants before joining the 
single-tone bodies. 

Each paint booth and oven has its own system into 
which bodies can be stripped during a close-down 
period to prevewt oven bake and discolouration, and to 
enable the plant to be cleaned out. These stripping lines 
consist of a series of gravity idlers carried between twin- 
strand chain in conjunction with transfer conveyors at 
right angles. Once selected by push-button, the stripping 
operation is completely automatic ; on restart, the bodies 
are fed back into the main production flow to match up 
with those already in the system. 

While the bodies are being prepared, all small parts 
are being separately treated through a similar phosphate 
and paint system by King ** Power-Pulled ” conveyor. 
This system is a continuous flow through primary spray 
booth, two-pass oven, enamel booth, and three-pass 
oven. Completed parts are delivered to the trim floor by 
lift. 


Transfer to Trim Shop 


The completed bodies wait in storage lines ready for 
transfer to the trim shops below through three body drop 
points, autcmatically sequenced according to the models. 
Here they are transferred to “ Dual-Duty ” overhead 


conveyor, employing once again the system of drop 
sections. The bodies are lowered on to power-operated 
turntables where operators release the slings and return 
them to the paint shop by push-button control. 

On reaching a pre-determined point on its upward 
movement. the empty sling carrier operates a limit switch 
to rotate the turntable through 90° to bring the body in 
line with the trim conveyors. As the body is passed off 
the turntable a further limit switch is operated which 
returns the table to its original position to receive the 
next body. 

The trim shop comprises three separate conveyor 
systems. All trimming operations are carried out on 
King two-strand conveyors, the bodies being transferred 
from one line to the next by cross-transfer conveyors and 
power-operated lift tables. Where aisles have to be 
crossed, the transfer conveyor is ramped down to floor 


METALLURGIA 


atl 
154 


level and up again to the next conveyor at 
operational height. This enables trim stock to 
be delivered direct to the line by fork lift trucks. 

The trimmed body is either selected for water 
test, repair line, or into final storage bank ready 
for delivery to the final assembly lines. Delivery 
to these lines is by closed hoist systems on which 
a number of hoists are carried. These are 
automatically held in waiting stations to be 
called for by the passage of the preceding body. 
Hoist systems and assembly lines are electrically 
interlocked to ensure that a station is vacant 
before a body is brought into position. An 
operator releases the body slings and raises the 
hoist, which is then taken over by automatic 
sequencing. When the body is raised the skids 
are removed and passed back into the paint 
shop, through a washer, and unloaded for 
storage by an overhead * Power Pulled” con- 
veyor. Sub-assemblies, wheels, tyres and seats, 
which have been prepared on slat conveyors at 
bench height elsewhere in the building, are 
delivered to the appropriate position by floor and 
overhead conveyors. 

In order that the scheduled body is matched up, the 
delivery of sub-assemblies is carefully regulated under a 
control system incorporating a teleprinter service which 
ensures that the right component is brought to the right 
body at the right time, and throughout both the paint 
and trim shops early warning stations are located to 
amend the overall schedule when certain bodies have been 
allocated for repair; late warning stations are located 
at the storage banks prior to the body being hoisted to the 
final line where last minute adjustments to schedules are 
made. Such warnings are sent to all points so that 
similar adjustments can be made to seats, wheels and 
sub-assemblies. 

At the end of the final assembly line the engine is 
started and the car driven to toe-in pits and roll test. 
For final preparation the bodies are carried on floor slat 
or drag conveyors and through the garage where they 
are stored ready for despatch. 


News 


A NEW name—John Williams of Cardiff, Ltd.—and a 
new trade symbol are announced for the long established 
firm of iron founders, metal window manufacturers and 
steel stockholders previously known as John Williams & 
Sons (Cardiff) Ltd. During recent years this company 
has taken a leading part in developing the mass produc- 
tion of S.G. iron castings, and in the design and manu- 
facture of the curtain wall system of fronting large 
buildings. 


WoopaLi-DuckHaMm, Lrp. has acquired the whole of 
the share capital of Nordac, Ltd., by the issue to the 
shareholders of the latter company of 185,189 ordinary 
shares of 5s. each in Woodall-Duckham, Ltd. Nordac, 
Ltd. carries on a chemical engineering business and 
specialises in the supply of equipment for the well-tried 
principle of submerged combustion which has many 
applications in industry. The com pany also carries on 
an extensive business in anti-corrosion lining of chemical 
plant at its works at Uxbridge. Nordac, Ltd. will con- 
tinue to operate as a separate company within the 
Woodall-Duckham Group. 
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The twin-strand conveyors 


are ramped down in the trim shop 
where aisles have to be crossed. 


All conveyor operations are channelled through main 
control rooms built on the floors of the paint shop and 
trim shop. Each includes a control desk over which a 
‘* Master Mimic” indication diagram is installed with 
indication lamps to show conveyor movement. For 
every conveyor a variable speed potentiometer is pro- 
vided for the adjustment of speeds to suit production 
requirements, in relation to neighbouring conveyors. 
Every conceivable change to conveyor movement, or 
interruption to the flow of bodies, is immediately seen on 
this chart, so that the apparent complexity of the system 
is simplified through this nerve centre 

It is anticipated that this plant will be a model for the 
future, with special attention on the capture of world 
markets. It symbolises British engineering achievement, 
and is the result of close co-operation between planners 
and engineers of the Ford Motor Co., Ltd., and Geo. W. 
King, Ltd. 


in Brie 
in Brief 
FLEXIBLE Drives (GiLMANs) Lrp., Carlton House, High 
Street, Smethwick, Staffs. have recently been appointed 
sole distributing Agents for Tyrolit profile grinding 
wheels and shapes and Tyrolit Secur cutting off dises in 
the U.K., India, Australia, New Zealand, Eire and all 
colonial territories of the British Commonwealth 
UNIVERSAL-MATTHEY Propvucts, Lrp.,—an 
company of Johnson, Matthey & Co., Ltd., and Universal 
Oil Products Co.—has formed a subsidiary company in 
Cologne, Universal-Matthey Products (Deutschland) 
GmbH, with a nominal capital of DM. 20,000. The 
object of this new enterprise is the manufacture of 
platinum catalysts to meet the needs of petroleum 
refineries employing the U.O.P. Platforming process in 
Western Germany and the Common Market countries. 


associate 


FoLLowING the completion of their new Efco automatic 
hardening and tempering line, Caterpillar Tractor Co. 
Ltd., have placed further orders for furnaces with 
Electric Resistance Furnace Co., Ltd. Valued at nearly 
£50.00) they cover the supply of both batch and con- 
tinuous furnaces for hardening and tempering. 
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Canada’s First Thorium Plant in Operation 


Ontario, in the Blind River uranium field, has 

begun production. It was built in six months by 
Humphreys & Glasgow (Canada), Ltd., for Rio Tinto 
Dow, Ltd., and cost in the neighbourhood of $1 million. 
The plant has been built to produce approximately 
150 tons of thorium salts a year, which represents a 
substantial proportion of the current world production. 
It is the first installation in the world to recover thorium 
from the waste liquors produced in uranium milling, and 
because mining, crushing, grinding and leaching will have 
been carried out in the normal course of uranium produc- 
tion, the cost of thorium recovery will be low. The plant 
is almost fully automatic, requiring a total operating 
staff of eighteen. 

The process is based on the use of solvent extraction 
methods. The waste liquor from the uranium processing 
is passed in acid solution through a series of treatment 
tanks and mixers, and the precipitated thorium salts 
separated out, dried and calcined. Approximately 


CC Ontario, first thorium plant, at Elliot Lake, 


4-lb. of thorium can be recovered for each pound of 


uranium produced. Output from the Elliot .Lake plant 
consists of crude thorium concentrates, refined metal- 
lurgical grade thorium sulphate and thorium oxide. The 
process for thorium recovery was developed by the Dow 
Chemical Co., Ltd., who, jointly with the Rio Tinto 
Mining Co. of Canada, Ltd., commissioned the Elliot 
Lake plant. 

Humphreys & Glasgow (Canada), Ltd., were awarded 
a contract covering the detail engineering, procurement, 
expediting and construction of the plant. 

Most of the equipment was provided by Canadian 
suppliers. The speed of completion was a notable achieve- 
ment, the more so because most of the construction work 
was carried out during the winter months, with tempera- 
tures as low as —30° F. The building, entirely of timber, 
was assembled in prefabricated sections, which allowed 
the main framework to be erected in a single week. As 
much of the heavier equipment had be mounted near the 
top of the building, many large beams, up to 10 « 16 in. 


A view of the section of the plant 


in size, were used. The building was designed to with- 
stand extreme temperatures, ranging from --30° F. to 
-90°F., and also tostand the strain of a substantial snow 
load. A carefully planned lightning conduction system 
was also included. 

An interesting feature of the installation is the low 
operating cost of the lighting system. High-brilliance 
lighting is provided by means of colour-corrected 
mercury vapour lamps, mixed with fluorescent lamps, 
both of highly acid resistant design. A special cable was 
designed by the contractors, also to resist the extreme 
acid fumes in the building. 

Although thorium may well be used in future as 
material for nuclear fuel, the demand at present is likely 
to be mainly for non-nuclear uses, of which perhaps the 
most interesting is its application as a heat-resistant 
alloy with magnesium in aircraft and rocket engineering 


Stress Relief of Reactor Pressure Vessel 


ITH the completion of pressure tests, the No. 1 
reactor pressure vesse! at Berkeley Nuclear 


Power Station becomes the world’s largest pres- 
sure vessel of this kind ever to be stress relieved. Working 
closely throughout with John Thompson, Ltd., who are 
responsible for design and construction of the reactor 
vessel, the stress relieving installation was planned, 
erected and its operation supervised by the Electric 
Resistance Furnace Co., Ltd. For the mammoth task 
of heat treating in one operation a mild steel vessel 
weighing 1,000 tons, equipment requiring a 2} MW. 
power supply was installed. 

The reactor vessel, 80 ft. high, 50 ft. in diameter, and 
having a capacity of 142,000 cu. ft., was erected on site 
from sections of 3 in. and 4 in. thick mild steel plate. 
The erection involved 2,500 ft. of welds. In the top and 
bottom domes of the vessel there are large diameter 


ports for the circulation of the gas to be heated by the 
reactor, and other openings in the top dome for the 
operation and contro! of the nuclear pile. Inside the 
vessel, the huge steel diagrid for the support of the 
nuclear unit, weighs 165 tons. 

The heating of this vessel presented many problems, 
apart from determining the power required and the 
method of its distribution to obtain uniform heating 
Allowances had to be made for change in the shape and 
size of the vessel because of increased temperature, and 
accurate temperature measurement and control were 
essential at a position remote from the vessel. Moreover, 
the heaters had to be installed in a humid atmosphere 
caused by the setting concrete of the outer biological 
shield. 

For the heating of the vessel and its diagrid, 8,500 ft. 
of sheathed radiant heaters were installed. These 
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heaters were mounted on specially designed supports 
erected within the vessel, which was lagged, externally, 
with Caposite and Rocksill insulation. The electricity 
supply to the heaters was carried by a complicated 
system of busbars entering the vessel through two of the 
gas ports, which were then closed to reduce heat losses. 
The heaters were arranged in twenty-four independ- 
ently controlled zones, the twenty-four automatic tem- 
perature controllers together with four six-point tem- 
perature recorders being installed in a separate control 
room, from which all the stress relieving operations were 
regulated. 

For the measurement, control and recording of tem- 
peratures, some four hundred thermocouples were used. 
The control and recording couples were welded to heat 
resisting alloy blocks, which were afterwards clamped 
into contact with the surfaces to be checked. Leads 
from the control couples were taken direct to the instru- 
ments, where rheostats were used to compensate for 
increase in the electrical resistance of the couples with 
temperature rise. Connections to the recorder couples 
were made through cold junction boxes. The accuracy 
of the complete thermo-electric circuit was checked 


during the early stages of the stress relieving 
operation. 


The minimum temperature specified for the relief of 
all stresses set up during construction of the vessel was 
575° C., and this temperature was reached in 65 hours. 


The heating was continued for another 10} hours, 
bringing the vessel to within 22° C. of the maximum per- 


missible temperature of 650°C. When the power to the 
heaters was removed, the fell in temperature to 575° C 
took 11 hours, the whole of the vessel having then been 
held within the prescribed temperature limits for 21} 
hours. The natural cooling of the vessel to atmospheric 
temperature took approximately eleven days. 

The complete success of the heating operation was 
proved by the mass of temperature recordings. These 
show that the temperature of all parts of the vessel, 
including the diagrid, rose smoothly at a constant rate, 
and that the temperature distribution was at all times 
remarkably uniform. In spite of the differences in wall 
thicknesses of the vessel, and in the type of construction 
involved in the walls and the diagrid, the highest and 
lowest temperatures recorded at any moment seldom 
differed by more than 15° C. The ultimate temperature 
of 628°C. was reached with a uniformity of + 7° C. 
The heat treatment was well within the limits set by 
appropriate British Standard Specification for the 
stress relieving of reactor vessels. 

The vessel, which must withstand a working pressure 
of 125 p.s.i.g. was tested at a pressure of 211 p.s.i.g. 
and has now been aecepted by Lloyds on behalf of the 
Central Electricity Generating Board. The Efco heating 
equipment will be used again to stress relieve the second 
reactor vessel, which is nearing completion. 


Stainless Cladding for New Laboratory 


in the construction of a new two-storey chemical 

laboratory at the Stocksbridge works, near Sheffield, 
of Samuel Fox & Co., Ltd., a subsidiary of The United 
Steel Cos., Ltd. An outstanding feature of the building, 
which centralises the work previously carried on in 
several separate laboratories, is the employment of 
stainless steel as an external wall cladding. The wall 
panels consist of 26 gauge stainless steel sheets, diamond 
patterned, and electro-polished to a matt finish which 
reduces glare and reflectivity. The sheets are bonded to 


| tts the oom use of stainless steel has been made 
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General view of the building 


4 in. Asbestolux board, and the steel is Silver Fox 20, 
containing 18°, chromium and nickel. 

The curtain walling was supplied and erected by the 
Crittall Manufacturing Co., Ltd., and is one of the first 
examples of their Fenestra 237 system, which makes use 
of Neoprene as a bedding material, thus eliminating 
much of the caulking work associated with conventional 
systems. Another interesting feature of the curtain wall 
iv that the main structural extrusions are horizontal, and 
are positioned where a horizontal division is predeter- 
mined by the ceiling and cill heights. This gives freedom 
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End elevation showing main entrance 


to the architect to position the vertical members where 
they are best suited for spandrels and glazing, and has 
enabled the number of wall panel sizes to be kept to a 
minimum. Internally, the building contains many 
examples of practical applications for stainless steel, 
including the stair balustrade, lift gates, push and kicking 
plates, door furniture and oil fuel extraction hood. 


B.S.A. Tools Division 

In order to facilitate administration, and to increase 
efficiency, the small tool and broach manufacturing 
activities originally carried out by B.S.A. Tools, Ltd., 
have been transferred to two new companies, namely : 
B.S.A. Small Tools, Ltd., Montgomery Street, Spark- 
brook, Birmingham 11 (VICtoria 2351); and B.S.A. 
Broach Co., Ltd., Studley Road, Redditch, Wores. 
(Redditch 1291). These two companies, together with 
B.S.A. Tools, Ltd., which will continue to carry on its 
machine tool manufacturing activities at Mackadown 
Lane, Kitts Green, Birmingham 33 (STEchford 3071), 
will operate as separate and wholly owned subsidiaries 
of the Birmingham Small Arms Co., Ltd. Management 
will be carried on by the same executive and personnel 
as hitherto. The entire range of products of the three 
companies will continue to be sold in the United Kingdom 
through Burton, Griffiths & Co., Ltd., as at present, and 
all export sales will continue to be dealt with by existing 
agents on behalf of the three companies. 


Wiggin Exhibitions 

A four-day exhibition illustrating the properties and 
uses of nickel and its alloys, staged by Henry Wiggin 
and Co., Ltd., at the Imperial Hotel, Birmingham, 
from October 6th to 9th, was followed by a similar 
venture at the Midland Hotel, Manchester, from October 
I2th to 15th. The aim of the exhibitions was to help 
designers and engineers to make the best use of the alloys 
manufactured by the company, and to this end part of 
the exhibition was devoted to demonstrations of the 
properties of these alloys, part to their fabrication, and 
part to their application in industry. 


Previous Experience 


The new laboratory is the second building at the 
Stocksbridge works to have stainless steel external wall 
cladding. The first building, a melting shop administra- 
tive block, was erected in 1954, and the panels are still 
in perfect condition today, there being no sign of corrosion, 
despite close proximity to the corrosive atmosphere of a 
steelworks. In this example, the wall panels were 
designed to give rigidity and so required no backing, a 
method which is particularly suitable for large buildings 
where a high tool cost can be absorbed and its cost 
equalised against the saving on backing material, 

In order to test the relative corrosion resistance of 
various stainless steels, some of the panels in the ad- 
ministrative block were made from a molybdenum- 
bearing alloy (Silver Fox 316) but in fact those made 
from the more economical 18:8 steel have stood up 
equally well to the arduous atmospheric conditions, and 
this quality was thus adopted for use in the new labora- 
tory. 

It is planned to employ the same cleaning technique on 
the laboratory as is already used on the existing building. 
This is for the window cleaners to wipe the panels down 
with a wash leather once a quarter, at the same time as 
they clean the windows. (The windows alone are actually 
washed once a month). This ensures that the consider- 
able dust that is constantly blowing about a big steel- 
works does not build up on the panels and spoil their 
interesting metallic sheen. 


The Wiggin nickel alloys fall roughly into four groups 
—corrosion-resisting alloys, heat-resisting alloys, elec- 
trical resistance alloys, and materials with special 
physical properties. More than 350 examples were 
shown. illustrating their use in the aircraft industry for 
parts of gas turbines and airframe components; in power 
production plant; in chemical plant; in domestic and 
industrial electrical equipment; in furnace equipment 
for the metal, ceramic, vitreous enamelling and glass 
industries; and in many of the devices used in electronics, 
instrumentation and automatic control. 

The company’s technical service staff was available 
each day to answer visitors’ queries, and the excellent 
display was augmented by a series of lectures and the 
continuous showing of films dealing with the use of 
Wiggin alloys to answer the many problems met in 
modern industry. 


Patternmaking Lecture 


Mr. E. G. GarpNer, pattern shop manager of Hadfields, 
Ltd., recently presented a paper entitled ‘* Epoxy Resin 
in Patternmaking ” to more than forty-five members of 
the National Trades Technical Societies at the East Hecla 
Works of Hadfields, Ltd., Sheffield. During his address, 
Mr. Gardner referred to recent developments in pattern- 
making and the benefits gained by the use of epoxy resin. 
He outlined the many advantages to both patternmaker 
and moulder of resin patterns, and referred to the type 
of casting work to which they were ideally suited. A 
practical demonstration was then given by Mr. C. Platts, 
patternmaker, on ‘‘ How it should be done”. The 
members of the Societies who attended were representa- 
tive of the many pattern shops and foundries in the 
Sheffield area. 
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Introducing Zirconium into Magnesium 


New Metallic Hardener Alloy Available 


magnesium field has been the introduction of 

alloys containing zirconium. These 
both casting and wrought alloys possessing enhanced 
properties at room and elevated temperatures, and by 
their use the range of applications for which magnesium 
components are suitable has been greatly extended. 
Such alloys are all based on the remarkable grain refining 
effect of zirconium on magnesium, first observed by F. 
Sauerwald in 1937. To achieve maximum grain refine- 
ment, it is necessary to saturate the magnesium with 
zirconium, for only the zirconium actually dissolved in 
the magnesium at the time of casting is effective in 
refining the grain, and so in enhancing the tensile pro- 
perties of the alloy. 

Many elements form high melting point intermetallic 
compounds with zirconium which are insoluble in molten 
magnesium, and in consequence zirconium is readily 
precipitated from solution in magnesium by such in- 
compatible elements. These include aluminium, silicon, 
iron and hydrogen, and however vigilant a foundry may 
be in excluding the first two, traces of iron and 
hydrogen are continually being picked up from the 
crucibles employed and by reaction with moisture in 
fluxes and alloying materials used. To saturate a 
magnesium melt with zirconium, it is therefore necessary 
to add sufficient zirconium, not only to precipitate the 
impurities originally present and to introduce a full 
zirconium content (0-6—-0-8°,, dependent on the alloy), 
but also to provide a reservoir of alloyable zirconium 
from which the melt can take up zirconium faster than it 
can be precipitated from solution through slow pick-up 
of iron, hydrogen and other impurities. 

Alloying with pure metallic zirconium does not give 
satisfactory results, and the commercial development 
of the magnesium-zirconium alloys has been based 
entirely on salt mixtures containing zirconium halides or 
semi-metallic ‘ master alloys’? made from them by 
reduction with magnesium as an intermediate step. In 
their early work on the development of suitable salt 
mixtures for commercial use, Magnesium Elektron, Ltd., 
explored salt mixtures containing ZrCl,, When these 
were added to molten magnesium, the ZrCl, was reduced 
with formation of zirconium metal and simultaneous 
liberation of MgCl,. Unfortunately the latter became 
associated with precipitated zirconium-rich particles and 
gave rise to corrosive “* flux ”’ inclusions in the final alloy 
which, unlike any hitherto encountered, could not be 
removed by fluxing or remelting. Further, traces of 
residual moisture in the highly hygroscopic chloride 
were liable to introduce hydrogen into the melt, with 
adverse effects on the alloy properties. 

To eliminate these difficulties, M.E.L. devised a salt 
mixture based on the non-hygroscopic salt potassium 
fluozirconate. Unlike MgCl,, the MgF, produced by 
reaction with magnesium is non-hygroscopic and non- 
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corrosive. With later modifications this salt mixture 
became the well-known Zirmel master salt. Experience 


has shown this alloying salt to give flux-free alloys with 
consistent high tensile properties, and since 1947 it has 
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been used under licence by many foundries in Europe, 
Canada and the U.S.A. 

The practical advantages of a metallic master alloy 
for introducing zirconium into magnesium—in particular 
ease and simplicity of alloying with higher metal efficiency 

were, however, always borne in mind, and as long ago 
as 1945, before the launching of Zirmel master salt, 
M.E.L. had developed and patented in the U.K. a 
master alloy of more or less metallic appearance but 
containing a few per cent. of entrained salts. This was 
made by reacting magnesium with a salt mixture con- 
taining zirconium chloride. The same product was 
developed independently in the U.S.A. about five years 
later, and it has been available commercially in that 
country for several years. However, the advantages of 
the fluoride approach were so marked that M.E.L. 
selected the fluoride-based master salt rather than the 
chloride-based master alloy for commercial development. 

Meanwhile, persistent efforts had been made to 
prepare a master alloy based on the fluoride approach 
which would combine the practical convenience of 
master alloy with the high level performance of master 
salt. The earliest fluoride-based master alloy was tried 
out in British foundries during 1947, but because of a 
high content of entrained salts it showed little ad- 
vantage over master salt. This difficulty is associated 
with the fluoride alloying process, in that the ultimate 
salt product must be MgF,, which is solid at alloying 
temperatures, and is in fact a well-known inspissating 
agent for the types of chloride mixture which may be 
used for fluxing magnesium. Consequently, the salt 
residues entrained in fluoride master alloys are inherently 
pasty and difficult to separate. 

M.E.L. have recently overcome this problem and are 
now able to offer Zirmax hardener in place of Zirme! 
master salt. This hardener alloy contains about one 
third of its weight of alloyable zirconium and substan- 
tially the same total salt content as chloride-based 
master alloys; the balance is magnesium. The salt 
residue is, however, less hygroscopic and tends to be 
present in fewer, larger inclusions in the interior of the 
alloy. In consequence, Zirmax is more metallic in 
appearance than chloride master alloys and shows better 
keeping properties on storage. It is also more uniform, 
for the zirconium, virtually all of which is in suspension, 
shows little tendency to segregate in crucible or mould. 

Zirmax is supplied in notch bar form suitable for the 
simple direct alloying operation normally associated 
with the use of a hardener. One pound is equivalent in 
alloying power to over 3 lb. of master salt, and this is 
reflected in reduced sludge formation and substantially 
higher metal recoveries—a major factor in the cost of the 
final product which assumes increased importance where 
expensive alloys are being processed. 

The new hardener has proved remarkably uniform in 
its alloying properties, and all types of magnesium. 
zirconium alloy made with it show consistently the same 
high level of tensile properties and the same freedom 
from residual chloride contamination as are obtained 
when master salt is used. 
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Research on the Extrusion of Metals 


Progress at the National Engineering Laboratory 


engaging the attention of research workers at the 

National Engineering Laboratory*, East Kilbride, 
Glasgow, is the mechanism of the extrusion process, and 
the following notes give a brief indication of the progress 
made in three of the investigations concerned. Further 
details are available in reports listed in the footnotes : 
copies are available from the Laboratory. 


Effect of Die Shape! 


The shape and surface finish of the die affect the 
dimensional accuracy and surface quality of an extruded 
product. The extrusion of products of non-symmetrical 
section calls for much skill and experience since, among 
other things, it is necessary to ensure a balanced flow of 
metal through all parts of the die. The resistance to 
flow is greater in the narrower parts of the die, and if this 
is not allowed for correctly the product will be buckled or 
twisted. 

The results of the first stage of an investigation of the 
effects of the shape of the die on the flow of metal during 
extrusion are now available. It is hoped that this work 
may eventually lead to a more rational understanding of 
the extrusion of non-symmetrical sections. The flow of 
metal can be modified by altering the shape of the die 
entry to obtain the required frictional conditions, and by 
altering the position of the die aperture relative to the 
axis of the billet being extruded. 

It is also necessary to balance the flow of metal when 
extruding several sections simultaneously through a 
multi-aperture die, and this has been investigated as a 
preliminary to studying the flow through single apertures 
of non-symmetrical section. With a multi-aperture die, 
balanced flow of metal is obtained when the velocity of 
each product as it leaves the die aperture is the same. 
When extruding simultaneously through two apertures 
of different size, balanced flow is obtained only if the 
centroid of the apertures is displaced from the axis of the 
billet. Tests on non-ferrous metals have shown that the 
conditions under which the in'tial and final parts of the 
product are extruded always lead to twisting and 
bending. 


er of the aspects of metal forming which has been 


Cold Extrusion? 


The maximum extrusion pressure can be greatly 
reduced by pre-forming a cone on the head of the billet. 
With a 60° cone-angle on the billet and a 60° conical die 
entry, the pressure needed to extrude copper rod is 28°, 
less than that required to extrude a normal cylindrical 
billet through the same die. This technique is likely to 
be particularly useful in the production of extruded 
products which are normally outside the capacity of a 
press. 

This is one of the conclusions from the first stage of an 
investigation of the cold extrusion of steels and non- 


* Until recently the Mechanica] Engineering Research Laboratory 
1. MERL Plasticity Report No. 127. 


2. Watkins, M. T, and McKenzie, J.,. MERL Plasticity Report No. 138, Cold Extru- 
sion of Metals, Part 6—Under Impact Conditions. 
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ferrous metals under impact conditions. The work is 
being carried out to see in what ways the varying ram 
speed of a crank press affects the extruded product, in 
comparison with extrusion in a hydraulic press, where the 
ram speed is constant throughout its stroke. 

The pressures required to produce a given reduction in 
aluminium, copper and brass were found to be similar 
to those needed in a hydraulic press at slower speeds. 
The extrusion pressure was related linearly to the 
logarithm of the extrusion ratio (the ratio of cross- 
sectional area of the billet to that of the product) for 
aluminium, copper, brass, niobium, titanium, and a 
range of steels. 

Successful extrusions were carried out at large reduc- 
tions from unheated billets : in most cases the limit of 
reduction seems to be imposed by the maximum per- 
missible stress in the punch. 


Extrusion of Aluminium and its Alloys® 


The lowest temperature at which a product can be 
extruded may be determined solely by the available 
press capacity. On the other hand, if the temperature is 
too high, undesirable metallurgical changes may occur. 
This upper temperature limit depends on both the 
temperature of the billet and the heating-up of the product 
caused by conversion of the work of deformation into 
heat. 

Specimens of 99-5°, pure aluminium and a high- 
strength aluminium alloy (D.T.D. 363) have been extru- 
ded in a hydraulic press at billet temperatures ranging 
from 20°-450° C. The effect of ram speed and extrusion 
ratio (the ratio of the cross-sectional area of the billet 
to that of the product) on the extrusion pressure and 
temperature rise in the product has been studied. The 
temperature rise resulting from the work of deformation 
can be quite large. For example, at an extrusion ratio 
of 200 and a billet temperature of 300° C., there is a 
temperature rise with aluminium of 170°C. at a ram 
speed of 30in./min. For comparable extrusion condi- 
tions the temperature rise in the alloy is greater than in 
the pure metal. 

Hot shortness (cracking of the surface of the product) 
occurred in the alloy under various combinations of 
billet temperature, extrusion ratio, and ram speed. This 
failure took place when the temperature of the product 
reached about 480°C. If this alloy is extruded at the 
usual billet temperature of 400° C., ram speeds must be 
kept low to prevent the onset of hot shortness. 

For extrusion ratios greater than 4, it was found that 
there is a linear relation between the extrusion pressure 
and the logarithm of the extrusion ratio. There is also a 
linear relation between extrusion pressure and _ billet 
temperature. 

Preliminary investigations of the effects of extrusion 
conditions on the hardness, tensile strength, and dimen- 
sional accuracy of the product have also been made. 


3. Ashcroft K, and Lawson, G. 8., NEL Plasticity Report No. 146, Extrusion of 
Metals. Part 7—Pure Aluminium and Aluminium Alloy D.T.D. 363. 
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Heat Treatment 


in salt bath furnaces, as in greenhouses, 
brings its rewards. The ‘Cassel’ Heat Treat- 
ment Service offers you the benefits of its 
experietice in carburising, heat treatment, 
tempering, martempering and austempering. 


Write to: 
imperial Chemical industries Limited 
London, $.W.1. 


RELIABILITY 


The Rolls-Royce Dart engine 
“intake i in the Vickers Viscount 
is equipped with a Dunlop 
electrothermal de-icing 
* system incorporating elements 
made from BRIGHTRAY Ss 
and FERRY. 


SALT BATH 

This immersion heater, for the 

exacting task of industrial salt _ 

heating, uses BRIGHTRAY C 

electrical resistance alloy. 

(British Thomson-Houston 


NICKEL-CHROMIUM 
Electrical Resistance Alloys 


BRIGHTRAY C for intermittent heating up to 150°C... used in SEND THIS COUPON 
cookers, toasters, laundry irons, fires, soldering irons . . . for a copy of 
BRIGHTRAY B for c!ements working up to 950°C . . *‘WIGGIN ELECTRICAL RESISTANCE 
BRIGHTRAY S for continuous heating up to 1150°C . . . mainly for MATERIALS’ (Pub. No. 1616) 

clemente Contains invaluable technical data. 
BRIGHTRAY F for electric furnace elements operating in special | 
atmospheres up io 1000°C ' NAME 
BRIGHTRAY H for furnace elements in the range 1100° to 1250°C 
(produced in strip form only) APPOINTMENT OR DEPARTMENT 
FERRY for resistance on electrical ‘control gear and instruments up 
to 300°C | COMPANY 
WILCO-WIGGIN THERMOMETALS in many grades for ther- . 

ADDRESS 

mostatic devices controlling temperatures ranging from—75 to $40°C j 
Produced in the form of Rod, Wire, Strip and Tape 


ME 


‘BRIGHTRAY’, ‘FERRY’ AND ‘WILCO-WIGGIN' THERMOMETALS ARE REGISTERED TRADE MARKS 


HENRY WIiIGGIN & COMPANY LIMITED, WIGGIn sT BIRMINGHAM 
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NEWS AND ANNOUNCEMENTS 


Meeting on Forging and Extrusion 


CONTINUING its policy of choosing “ live ” topics for 
discussion at its London Meetings, the Iron and Steel 
Institute is devoting the main sessions at its Autumn 
General Meeting on Wednesday and Thursday, 2nd and 
3rd of December, to the forging and extrusion of steel. 
The meeting, which is being held in the Great Hall. 
Caxton Hall, will open with a provocative paper on 
steels for forging by R. J. Brown (British Motor Corpora- 
tion). This will be followed by the presentation and 
discussion of a series of papers from the British Iron and 
Steel Research Association on various aspects of forging. 
The second day will be devoted to the cold and hot 
extrusion of steel, with papers from the Royal Ordnance 
Factory, Birtley, Low Moor Fine Steelworks, Ltd., 
Chesterfield Tube Co., Limited., B.IS.R.A. and the 
Loewy Engineering Co., Ltd. 

In addition to these two meetings, there will be parallel 
sessions at the Hoare Memorial Hall, Church House, on 
both days. The session on the Wednesday afternoon has 
a very topical theme—the problem of fumes in steel- 
making processes. <A series of papers covering fume 
evolution and prevention in open-hearth and converter 
operation is to be presented by experts from the U.K. 
and Germany. 

The physical metallurgist comes into his own on the 
following day, when there will be three sessions at 
Church House, devoted to carbides and nitrides in steels, 
controlled-transformation stainless steels, and aspects 
of tempering, respectively. 


80 Ton Arc Furnace for Vacuum Casting 


IN connection with a scheme for casting in vacuo ingots 
for forging, English Steel Corporation, Ltd., has ordered 
from Birlec-Efeo (Melting), Ltd., a 21 ft. diameter are 
melting furnace. The new furnace, with a nominal 
charge capacity of 80 tons, will be the largest in Britain. 
It is to be engaged on melting and refining high grade 
carbon, alloy and stainless steels. Molten steel from the 
Birlefco are furnace will be tapped into a ladle which, in 
turn, will form a closure of a vacuum ladle. On pouring 
from the open ladle into the vacuum ladle, the space 
above the molten steel will be evacuated, thus exhausting 
quantities of hydrogen, oxygen and nitrogen. When 
casting ingots exceeding 80 tons in weight, additional 
quantities of molten steel will be made available from 
other electric furnaces in the melting shop. 

The furnace, to be rated at 20,000kVA., will be 
supplied with an A.E.1. transformer equipped with 
“on-load”’ tap changing equipment of the resistor 
bridging type, arranged for remote electrical control. 
Cold steel scrap will be used in the furnace, and will be 
top charged from an overhead bucket suspended by 
crane. Removable side plates will be fitted to the frame 
of the furnace casing, thus enabling local lining repairs to 
be effected. A robust frame will support the electrode 
raising and roof-swing gear on a chassis entirely indepen- 
dent of the furnace shell: the roof ring will be lifted by 
a lever system when raising and swinging the roof. The 
furnace shell will be tilted hydraulically, allowing a 
forward tilt of 45° for pouring and a backward tilt of 


1995 


October. 


15° for slagging. The electrode arms will be pneumati- 
cally counterbalanced, a Birlefeo development recently 
introduced for large are melting furnaces, and the 
A.E.I. Amplidyne system will be used for controlling 
the movement of the electrodes. 


Exhibition of Aerial Photographs of 
Quarries and Mines 


A special exhibition of aerial photographs of quarrics 
and mines opened at the Geological Museum, Exhibition 
Road, South Kensington, London, 8.W.7 on Thursday 
15th October. Admission is free and the exhibition will 
remain open for several months. The photographs 
show past and present surface aspects and effects of 
quarrying and mining in the U.K., including views of 
famous mining areas in Cornwall and the Mendips—tirst 
exploited in Roman times or earlier—and of the great 
modern open excavations and quarries for iron ore 
limestone, coal, brick clay, china clay, sand and gravel 
building stone, road stone and other raw materials which 
are an essential part of modern economy 

The exhibition illustrates the great variety of useful 
rocks and minerals found in this country: and the 
special view of the aerial camera, which picks out mines 
and quarries in sharp contrast to their surroundings, 
emphasises the need for careful planning of their extrac- 
tion—so that disturbance to the land surface may be 
kept at a minimum and rehabilitation provided whenever 
possible. All the photographs are from the Cambridge 
University Collection, an extensive library of air photo- 
graphs specially selected to meet the needs of teavhing and 
research. They have been taken during recent years by 
Dr. J. K. St. Joseph, Curator in Aerial Photography at 
Cambridge, from aircraft of the Royal Air Foree on 
training flights. 


Mond Nickel Fellowships 


Tue Mond Nickel Fellowships Committee announced 
recently the award of a Fellowship for 1959 to the fol- 
lowing applicants : 
Mr. D. J. O. Many, (John Lysaght’s Scunthorpe 
Works, Ltd.), to study the practical applications of 
recent metallurgical research and techniques to the 
production of basic semi-finished steel. 
Mr. N. J. B. Pocock, (Capper Pass & Sons, Ltd.) to 
study developments in extractive metallurgy in the 
U.K., Europe, the U.S.A. and Canada, and their 
dependence on the size and location of the organisa- 
tions concerned. 


Technical Article Awards 


Tue scheme for awarding annual premiums for articles 
on electronics, organised in the past by the Radio 
Industry Council (London), is now under the joint 
sponsorship of the Council and of the Electronic Engi- 
neering Association. Articles published during 1959 will 
be considered by the panel of judges early in the New 
Year, and explanatory leaflets can be obtained from the 
Electronic Engineering Association, 11 Green Street 
London, W.1.. to whom eligible articles should be 
submitted before the end of the vear. 
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Six premiums of 25 guineas are offered to writers not 
earning their living wholly or mainly by writing. The 
judges, headed by Professor H. E. M. Barlow, Professor 
of Electrical Engineering, University College, London, 
are given the greatest possible freedom in allocating 
awards, but main factors taken into consideration are: 
the value of the article in making known British achieve- 
ments in radio and electronics ; originality of the sub- 
ject ; technical interest ; and presentation and clarity. 
Articles published abroad as well as in the U.K. are 
eligible, as are articles in journals serving the many fields 
in which electronic methods of control and production 
are being increasingly used. 


Russian Hatfield Lecturer 


Acapemician G. V. Kurpsumov, Director of the 
Department of Metallography and Metal Physies at the 
Central Research Institute for Ferrous Metallurgy, 
Moscow, has accepted an invitation from the Council of 
the University of Sheffield to deliver the 12th Hatfield 
Memorial Lecture, in the Firth Hall of the University on 
Wednesday, 25th November, 1959, at 6.30 p.m. His 
subject will be “The Phenomena occurring in Steels 
during Quenching and Tempering ”’. 

The Hatfield Lectures, which are given annually in 
either London or Sheffield were founded in memory of 
the late Dr. W. H. Hatfield, F.R.S., and are always 
devoted to a subject in which Dr. Hatfield was interested. 
The Hatfield Memorial Lecture Fund is administered by 
the University of Sheffield as trustees, and arrangements 
are in the hands of a Lecture Committee, composed of 
representatives of the University, the Royal Society, and 
the Iron and Steel Institute. 

Academician Kurdjumov is also to lecture to the Iron 
and Steel Institute during the Autumn General Meeting 
in London. He will be speaking at the Hoare Memorial 
Hall, Church House, Great Smith Street, S.W.1. at 
6.30 p.m. on Wednesday, 2nd December, 1959 ; on this 
occasion his subject will be ‘* Martensitic Transforma- 
tions in Metals and Alloys.”’ 


Mineral Processing Exhibition 


AN exhibition, sponsored by the British Chemical Plant 
Manufacturers’ Association, takes place from the 6th 
to 9th April, 1960, on the occasion of the International 
Mineral Processing Congress, organised by the Institu- 
tion of Mining and Metallurgy. The exhibition will be 
staged in the two halls which flank the main assembly 
hall of Church House, Westminster, in which the Congress 
sessions will be held. The exhibition is designed to show 
the many overseas delegates to the Congress the range 
and scope of British mineral processing equipment and 
will cover all aspects of the dressing and chemical pro- 
cessing of minerals, including coal washing. Full parti- 
culars may be obtained from Industrial Exhibitions 
(Services), Ltd., 9 Argyll Street, London, W.1. 


Electrometallurgy Symposium 


Next Spring, the Electrometallurgical Centre of the 
Italian Metallurgical Association (A.I.M.) is to hold a 
symposium on the electrolysis of molten metals and the 
production of special non-ferrous metals by electro- 
thermal methods. The meeting is to be held in Milan 
and it is expected that visits to research establishments 
and electrometallurgical works will be arranged. Any- 
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one interested in submitting a paper for discussion at the 
symposium should get in touch with the Secretary of 
Associazone Italiana di Metallurgia, Via Moscova 16, 
Milano, Italy, from whom further particulars can be 
obtained. 


Philips Industrial Products 
Distributor 


RESEARCH AND CoNnTROL INSTRUMENTS, LTD., is now 
the sole distributor in the U.K. for the industrial 
products at present marketed by its associated company, 
Philips Electrical, Ltd. A new division has been set up 
by R.C.I. for this purpose. Since the specialised staff 
from Philips will conduct the business of the new division, 
there will be no break in the continuity. Customers’ 
orders will be dealt with by the same individuals as 
hitherto. Fully supported by the manufacturers, R.C.1. 
will also take over the responsibility for the maintenance 
of existing Philips industrial equipment. All corres- 
pondence relating to Philips are welding supplies, 
filtration equipment and high frequency heating genera- 
tors should now be addressed to: Research and Control 
Instruments, Ltd., Industrial Products Division, Instru- 
ment House, 207 King’s Cross Road, London, W.C.1. 
(Telephone No.: TERminus 2877; Telegrams: Racil 
Kincross). 


Welding Courses 
THE following courses in welding technology have been 
organised by the School of Welding Technology for 
the period January-March, 1960. 
D.27 Practical Ultrasonic Inspection (January 4th- 
15th) 
D.4/1 Resistance Welding (January 25th—28th). 
D.22. Welding of Atomic Energy Plant (February 
Sth—12th). 
D.28 Welding for Junior Management (February 
23rd-25th). 
D.11 Inert-gas Are Welding (March 7th—1 1th) 
D.6 2 Weld Design and Construction in Corrosion and 
Heat Resisting Materials. (March 2Ist-25th) 
Further particulars may be obtained from The Secre- 
tary, School of Welding Technology, The Institute of 
Welding, 54 Princes Gate, London, 8.W.7. The courses 
are limited in numbers, and early application is advisable 


Materials and Design Exhibition 


From 22nd to 26th February, 1960, Earls Court will 
house the first Engineering Materials and Design 
Exhibition which will feature what is hoped will be the 
largest and most varied selection of materials and com- 
ponents ever assembled for engineering designers in every 
sphere of constructional activity. Associated with the 
exhibition will be a conference for engineering designers 
which will be held at the same time and in the same 
building. Lectures and papers will be presented from 
leading experts whose subjects will include metals, in- 
sulating materials, refractories, plastics, adhesives. powder 
metallurgy, rubber, inorganic materials, bearings, 
clutches, casting techniques, seals, drives, couplings, 
control techniques and appearance design. 
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M.-V. Heating and Welding 
Department 


Tae heating and welding de- 
partment has been made an integral part of the A.E.1. 
Transformer Division, but the business of the department 
will continue to be managed by a departmental group 
committee, consisting of Mr. G. H. Moule (chief engineer), 
Mr. H. S. Carter (sales manager), and Mr. T. R. Porter, 
(Superintendent, Manufacture). Mr. Moule is chairman 
of the group committee. On the heating side, the 
department's main activities comprise industrial applica- 
tions of sheathed wire elemen‘s, together with Redring 
radiant boiling plates for domestic use. Welding equip- 
ment includes both A.C. and D.C. are welding sets, open- 
are and submerged-are automatic machines, resistance 
welding machines of all types, atomic-hydrogen and 
inert-gas are welding sets, and a wide range of Metrovick 
are welding electrodes. 


Rolling Mill Electrical Equipment 


EquipMENT worth over £1,000,000, engineered and 
mainly manufactured at the Stafford Works of The 
English Electric Co., Ltd., has recently gone into service 
in four new steel-rolling mills in the Midlands. Two are 
at Patent Shaft Works, Ltd., Wednesbury, and the other 
two are three miles away at Stewarts and Lloyds, Ltd.., 
Bilston. In all four mills, which are of the hot reversing 
type, the major part of the electrical engineering was 
carried out by English Electric’s Metal Industries 
Division. 

At Patent Shaft Steel Works, the 38 in. blooming and 
slabbing mill and the 54 in. * 32 in. 98 in. 4-high plate 
mills each have a 5,000 b.h.p. (r.m.s.) main drive motor, 
with a speed range of 45-90 r.p.m. and a cut-out torque 
of 240 metre-tons. Both drives are identical and are fed 
from identical Ilgner sets. The comprehensive contract 
also covered all the Ward Leonard auxiliary motors, the 
motor generator sets, the control gear and the ventilation 
and lubrication equipment for the mill. 

For the 40 in. blooming and the 32 in. roughing mills 
at Stewarts and Lloyds, English Electric supplied two 
identical main drives : 5,600 h.p. (r.m.s.) motors, with a 
speed range of 50-120 r.p.m. and a cut-out torque of 
240 metre-tons. Ingots from the melting shop are 
rolled into blooms in the 40 in. mill, and round bars or 
square billets are produced in the 32 in. mill. Much of the 
steel is used for tube-making. 


Brymbo Development Scheme 


BryMBo STEEL Works, Ltp., the North Wales special 
alloy and steelmaking concern, announce that the board 
of their parent company, Guest, Keen & Nettlefolds, has 
agreed toa second development scheme involving capital 
expenditure of over £2m. This follows on the first 
scheme completed this year, in the course of which the 
old open hearth melting shop was replaced by a new 
melting shop with three 45-ton electric are furnaces, 
supplementing the existing three 30-ton furnaces and 
making the plant all-electric. At the same time the 


Brymbo process, based on the pre-refining of blast 
furnace metal with tonnage oxygen for subsequent use 
in electric furnaces, came into operation and has attracted 
considerable notice in the world press. 

The new development scheme follows on logically 
from the modernising of the steelmaking plant, and 
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consists of the complete replacement of the four old 
ingot reheating furnaces by a continuous bogie furnace, 
and the installation of anew cogging mill, which will enable 
the works to take full advantage of the increased stee|- 
making facilities, and which will deal with ingots two and 
a half to three times as large as those at present being 


rolled. At the same time, bottom-pouring facilities will 
be introduced and the handling and cooling arrange- 
ments for the finished billets will be completely revised. 
Asa result of these changes, the throughput of ingots will 
be increased as soon as the mill comes into operation. 
Ample steelmaking facilities to enable this increase to 
take place are already available. The development 
scheme will be in two stages, the new reheating furnace 
and the bottom-pouring facilities should be in full opera- 
tion by August 1960 and the new cogging mill and billet 
handling facilities will be brought into operation in 
August 1961. 

Brymbo has for many years past specialised in the 
production of alloy and special quality steels, and when 
these changes are completed production may rise to 
250,000 ingot tons per annum, which will make it one of 
the largest special steel plants in Europe. In addition 
to increasing the output, it is hoped that bottom pouring, 
better reheating facilities and the rolling of a larger 
ingot will result in raising production standards to even 
higher levels, thus keeping pace with the continual 
improvements in quality demanded in the modern world. 


Appleby-Frodingham to Produce 
Universal Beams 


APPLEBY-FRODINGHAM STEEL Co., a branch of The 
United Steel Cos., Ltd., are to extend their Frodingham 
section mills by the addition of equipment to produce 
universal beams, I-sections with parallel edges, and 
column sections. A contract has been placed with 
Schloemann A.G., of Dusseldorf, but the equipment will 
be manufactured in this country. Schloemann have 
placed an order with Distington Engineering Co., Ltd., 
a United Steel subsidiary, for the supply of the mech- 
anical equipment. Work on the project has already 
begun at Distington, and the new extensions are expected 
to be in operation by the autumn of 1961. No increase 
in the overall capacity of the Frodingham section mills is 
envisaged, nor will there be any substantial increase in 


manpower. 


Argalin Treatment Approved 


Roto-Frntsu, Lrp. announces that Argalin treatment 
for protecting silver against tarnish has been approved 
by the Ministry of Supply under D.T.D. 900, and given 
the reference D.T.D. 900 4636. Argalin is a simple 
electrolytic treatment consisting of immersion for 
between | and 2 minutes in the Argalin solution followed 
by rinsing and drying. The standard test to determine 
the efficiency of the Argalin coating is immersing for 
half an hour in 2°,, potassium sulphide solution, without 
any appreciable change in appearance. Silver-plated 
articles immersed in this solution usually show evidence 
of considerable tarnish in less than a minute. 

Argalin is being used for silver-plated cutlery and 
decorative silver ware, and also for electrical contacts. 
It is commonly used to ensure that the silver-plated 
surface remains bright during storage and transport. 
For instance, in the case of electrical contacts, it is very 
valuable for protecting them against tarnish before 
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assembly, and also for protecting contacts in switchgear 
assemblies, so that they are still untarnished when the 
equipment is delivered to the user. The Argalin coating 
is extremely thin, is colourless, and does not alter the 
appearance of even high finish silver. It does not affect 
the solderability or contact resistance. 


Personal News 


Mr. M. J. S. CLAPHAM has been appointed chairman of 
L.C.1. Metals Division from Ist January, 1960, in succes- 
rion to Dr. Maurice Cook, C.B.E., who retires from the 
company’s service at the end of this year. Mr. Clapham 
who is a director of Pyrotenax, Ltd., Yorkshire Imperial 
Metals, Ltd., and Imperial Aluminium Co., Ltd., has been 
joint managing director of L.C.1. Metals Division since 
October 1952. He is chairman of the Non-Ferrous 
Wrought Metals Export Group and a vice-president of 
the British Non-Ferrous Metals Federation. Dr. Cook 
joined the research department of Kynoch, Ltd., in 
1926, and was appointed research manager of the metals 
group of L.C.L. in 1938, and director in charge of research 
and development, Metals Division, in 1942. He became 
joint managing director in 1951 and chairman in 1957. 


Mr. L. R. Mortimer now represents Kelvin & Hughes 
(Industrial), Ltd., in the south eastern counties previously 
served by Mr. A. R. Mewrrr who has now been ap- 
pointed assistant technical sales manager. 


METROPOLITAN-VICKERS ELectrricaL Co., Lrp., an- 
nounces that Mr. J. DumMELOw has been appointed 
manager, publicity department. 

British INSULATED CALLENDER’sS CaBLEs, Lrp., an- 
nounce that Mr. R. A. Turpin has been appointed 
manager of their Exeter branch, at 40 Whipton Village 
Road, Whipton, on the retirement of Mr. H. F. G. 
BICKER. 

British Furnaces Lrp., Chesterfield, announce the 
appointment of Mr. F. Bonsai as deputy managing 
director. Mr. Bonsall has been director and general 
manager for the past four years. 

Tae Distinctron ENGINEERING Co., Workington. 
(branch of The United Steel Cos. Ltd.,) announce that 
Mr. A. E. Bet, formerly general sales manager, has 
been appointed commercial manager, with responsibility 
for the buying department of the branch. 

Mr. C. H. FLURscHEIM, a director and the chief electrical 
engineer of Metropolitan-Vickers Electrical Co., Ltd., has 
been co-opted to serve on the council of the British 
Welding Research Association. 

Mr. B. Martone has joined the staff of the Electric 
Resistance Furnace Co., Ltd., as manager of the new 
EFCO foundry division. Mr. Malore has been for many 
years works manager of Southern Foundries, Ltd. 


British INsvuLATED CALLENDER’s CaBLes, Lrp., an- 
nounce that Mr. F. V. Taompson has been appointed 
director of personnel, and has relinquished his position as 
secretary of the company. Mr. J. P. Hourston, who 
has been assistant secretary since 1946, has been ap- 
pointed secretary, and Mr. G. V. Tew, a solicitor on the 
legal staff of B.I.C.C. for seven years, is now assistant 
secretary. 

Mr. L. W. Hicks, Mr. E. D. G. HoLLoway and Mr. H. 
D. Burron have been appointed Local Directors of 
Kayser, Ellison & Co., Ltd. 
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HoNORARY MEMBERSHIP OF THE LNSTITUTION OF MINING 
AND METALLURGY has been conferred on Mr. W. A. C. 
Newman, C.B.E., Past-President, in recognition of his 
services both to the Institution and to metallurgical 
education: on Bricaprer R. Stokes, C.B.E., D.S.O., 
M.C., Past-President, in recognition of his services to the 
mining industry, particularly in South Africa ; and on 
Sin ALEXANDER FL Leck, K.B.E., F.R.S., in recognition 
of his outstanding services to the metallurgical industry. 


Mr. L. L. Boypb, at present managing director, Tae 
United Steel Co. (India) Pte., Ltd., and director, The 
United Steel Cos. (Pakistan), Ltd., is shortly to return 
to the U.K. With effect from Ist March 1960 he will 
take up the position of deputy commercial manager at 
United Steel's Steel, Peech and Tozer brar.ch, Rotherham. 


Mr. J. G. Gersuon, who for several years, has combined 
the offices of sales director and southern area sales 
manager of Rocol, Ltd., has relinquished the latter and, 
will be concerned with the overall United Kingdom sales 
policy. In his place, Mr. E. T. WiLkrnson has been 
appointed southern area sales manager for the whole of 
South of England, including Birmingham, and South 
Wales. 

British INSULATED CALLENDER’S CONSTRUCTION Co., 
Lrp., announces the retirement of Mr. C. H. FRANKLAND. 
from the board, and the appointment of Mr. R. BeTLey 
as an executive director of the company. 

Mr. A. A. Simons, has taken over the responsibility for 
production and sales of all products of Colloidal Graphite 
Ltd., who have recently transferred their head office 
from St. Dunstan’s Lane, E.C.3. to their works address 
at Bernard Lane, Sheffield, 2. 


Ir is announced on behalf of the English Steel Corpora- 
tion group of companies that the following have been 
appointed special directors of English Steel Corporation, 
Ltd., the parent company of the group: Mr. K. Cxart- 
TERTON (chief engineer, parent company), who is res- 
ponsible for all constructional and engineering activities 
of the parent company ; Mr. A. M. SIMMERS (secretary 
and chief accountant, parent company), who is a director 
of Firth-Vickers Stainless Steels, Ltd.; and Mr. A. TAYLOR 
(chief accountant, subsidiary companies), who is res- 
ponsible for all accounting procedures affecting manu- 
facturing and selling operations of the group. 

Mr. H. R. Barser, chief engineer of the car body 
division of The Pressed Steel Co., Ltd., Cowley, Oxford, 
since April 1958, has been appointed a member of the 
motorcar body divisional board as assistant director of 
engineering. Mr. Barber joined the company as chief 
development engineer in 1956. 

Mr. J. W. AsHLey, chief engineer since the inception of 
the company, has been elected to the board of Atomic 
Power Constructions, Ltd., as technical director. 


CORRECTION 


In the item concerning the reorganisation of the Nash & 
Thompson sales division which appeared in the “ Per- 
sonal News " section on page 34 of the August issue of 
METALLURGIA, it was stated that Mr. J. L. Foreman, 
sales manager, was previously commercial manager of 
the Elliott-Automation group. The wording should have 
been “... previously a commercial manager in the 
Elliott-Automation group”. We regret any incon- 
venience caused to the parties concerned as a result of 
this error. 
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K also stands for KANTHAL — 


the last word in heating elements 
and temperature control 


KANTHAL Electrical Resistance 
Materials—1200°C. to 1700°C. 


KANTHAL High Temperature Tubing for radiant boiling 
plates, infra-red heaters, industrial heating elements 


THERMO KANTHAL Thermocouple Wires 
0°—300°C. accurate to + 24°C. 300°—1250°C. accurate to + 2% 


KANTHAL Bimetal for temperature control units 


Full information about all KANTHAL products can be obtained from: 


HALL & PICKLES LTD 


PORT STREET - MANCHESTER ! 


Sole Agents for Kanthal in Great Britain and Northern Ireland 
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Electrical Aids in Industry 


The general principles of factory lighting have 
been dealt with in the previous data sheet (No. 6). 
This one considers briefly certain factors—not 
always fully appreciated —that influence the 
lighting for some particular factory applications. 
The next data sheet will carry the subject further. 


Work benches 
The most universal application of lighting is to 
bench work, for there is no branch of manufacturing 
that does not have its work benches which, of 
necessity, are used for a great variety of occupations. 
No single lighting method is suitable for all cases. 
The introduction of fluorescent lighting has gone 
a long way to solving one of the main problems here; 
for while the high degree of brightness of filament 
lamps tends to preclude their use for individual light- 
ing owing to the glare, the fluorescent tube with its 
greater expanse of light source has made localised 
lighting with a low mounting height more practicable. 
Moreover, the length of the fluorescent tube puts 
into the hands of the designer a means of controlling 
shadows which, together with glare, probably 
represent the most prolific causes of errors and 
eye-strain. 


With narrow individual benches (not more than 
4 ft. wide), there are four basic methods of localised 
lighting: longitudinal, transverse, diagonal or a 
combination of longitudinal and transverse. With 
wider benches it is not advisable to use fittings 
directly over benches, and fittings should be behind 
the workers at each edge of the bench. Where 
particularly high illumination is required, fluorescent 
fittings may be mounted as local lights —low enough 
for the skirt of the reflector to conceal the lamps 
from the eye of the operator. 

It is good practice to use reflectors which allow a 
reasonable amount of light to spill upwards, giving 
a certain amount of general lighting. 


High-bay shops 

Probably the most difficult of all factory lighting 
problems is that of high-bay lighting. In lofty, long 
and sometimes necessarily dirty shops such as those 
which house really large machine tools and overhead 
cranes, which do their worst to defy the efforts of the 
illuminating engineer, it requires great ingenuity, 
coupled frequently with high lamp wattage, to 
provide the workman with enough light to allow him 
to do his job efficiently. From the planer operator 
to the slinger, the workman, though he may not 
know it, is dependent on good lighting if he is to 
avoid an over-cut or a serious crane mishap. 


Data Sheet No.7 


The major problems associated with the lighting 
of high and relatively narrow shops, such as heavy 
machine shops and foundries, are :— 


(a) Poor light utilisation caused by excessive 
light absorption by the large and often dark 
wall area. 

(b) Preponderance of light flux downwards and 
poor cross lighting causing poor illumination 
on vertical surfaces, and heavy shadows. 

(ce) Possibility of heavy light absorption in the 
atmosphere. 

(d) Difficulty of access to high fittings for 
maintenance. 


In high-bay workshops there is a tendency to use 
concentrating fittings so that the maximum pro- 
portion of the light output reaches the working area 
without spread to the 
walls, but the saving in 
wall absorption is ob- 
tained only by accepting 
a depressing environ- 
ment, poor cross lighting 
and heavy shadows. 

In many cases it is 
good practice to accept 
the inevitable reduction 
in light utilisation by 
wall absorption and to 
reduce this by applying 
light colours to interior surfaces where possible 
throughout. This approach results in more cheerful 
conditions and provides equally good illumination 
values and better cross lighting. Even better is to 
add angled lighting from the sides below crane level. 


¢ 


In the conditions obtaining in this type of shop, 
rapid deterioration in light source intensity due to 
dust must be expected. Facilities should always be 
provided for easy access to fittings for cleaning 
and maintenance. 


For further information, get in touch with your 
Electricity Board or write direct to the Electrical 
| Development Association, 2 Savoy Hill, London, 
| W.C.2. Telephone : TEMple Bar 9434. 
Excellent reference books on electricity and 
| productivity (86 each, or 9/- post free) are 
| available—“ Lighting in Industry” is an 
| example. 
| E.D.A. also have available on free loan in 
the United Kingdom a series of films on the 
| industrial uses of electricity, including one on 
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RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


Endurion Finishing Process 


ENDURION—a new metal finishing process—imparts to 
the zine phosphate Parkerized (Parkerizing 85, GZ or D) 
surface of ferrous metals a dense, fine textured, corrosion- 
resistant finish with some improvement in wear resistance, 
accompanied by almost negligible dimensional build-up. 
The process has been widely used in American industry 
and has been specified for service contracts. The name 
endurion is a registered trade mark of B. B. Chemical Co., 
Ltd., of Leicester, and by arrangement with this com- 
pany Pyrene, Ltd., are now able to supply the necessary 
chemicals and finishes for Endurion treatment. 

It is claimed that the introduction of Endurion into a 
Parkerising sequence will more than double the overall 
corrosion protection, and that the hard wear-resistance 
finish is non-chipping, non-peeling and compatible with 
organic finishes. A _ satisfactory finish is obtained in 
recesses and the added lubricity is useful in threaded 
members. The Endurion finish can be obtained in a 
variety of colours, including grey, black, blue, green, 
clive drab and purple, and for certain purposes these 
colours can take the place of a painted finish : they are 
particularly useful, however, as an easy guide to 
identification during storage, etc. 

The treatment is simple and economical to operate, and 
may easily be integrated with existing Parkerizing 
installations. Normally, only one additional bath is 
required, thouzh a further dye bath is necessary where a 
coloured finish is desired. The Endurion process is 
carried out at boiling point in a lead-lined tank, heated by 
steam, gas or electricity. 

The Pyrene Co., Ltd., Metal Finishing Division, Great 

West Road, Brentford, Middlesex. 


Melting and Holding Furnace 


HeEp1n, Lrp., have now introduced an improved type of 
aluminium melting and holding furnace in which losses 
due to the need for periodic crucible and element 
replacement have been eliminated. The new type of 
furnace does away with the crucible, and element replace- 
ment can be carried out without loss in production. The 
furnace comprises a melting section which slopes down 
into a holding section, each section being separately 
controlled. The furnace is heated by means of silicon 
carbide rod type elements radiating down onto the 
metal, and the whole furnace is lined with a suitable 
iron-free refractory backed with a liberal thickness of 
insulation. In operation, standard billets are fed into 
the melt section whence the molten metal runs down 
into the holding bath, where it is maintained at the 
required temperature. 

This type of furnace can be used either as a holding 
furnace, or as a melting furnace, or as a combination of 
the two, and is suitable for many types of metal including 
aluminium, zine and lead. The standard range provides 
furnaces with a throughput of 125, 250, 500 and 1,000 Ib. 
aluminium per hour, but special sizes can be built to 
order. This type of furnace will provide molten alumi- 
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nium at the rate of 5 Ib. kWh., melt and hold. It is cool, 
quiet, clean, reliable, simple to operate and easy to 
maintain. The bath is thermostatically maintained at 
the correct temperature to produce a metal of high purity 
and to reduce to the minimum metal losses through 
oxidation and volatilisation. 

Hedin Ltd., Commerce Estate, South Woodford, London, 

E.18. 


Induction Heater 


Pye Process Heatinc Division, who have been 
making R.F. induction heaters for the wood industry for 
some 15 years, are turning their attention to the metal 
field. The first induction heater in the forthcoming Pye 
range is the R.F.1., which gives a continuous output 
of 3kW. at 2 Me.’s. and has been designed for bench 
operation, the overall dimensions being 26} in. high, 
22 in. wide and 25} in. deep. The unit is housed in an 
aluminium cubicle and is finished in green-grey hammer- 
tone enamel with safety switches on the removable sides. 
The equipment is self contained with its own automatic 
resetting process timer and an overload relay to protect 
the oscillator valve. Provision is make for remote control 
and a pulse is available at the end of the heating cycle to 
initiate a quenching, or any other operation required. 
The oscillator valve and coil are water cooled, using 
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1-5 gal. min., with a flow switch in the supply which 
will switch off the equipment should the water fail, so 
protecting the valve from overheating. The equipment 
is designed to be operated from a 3-phase supply, 360 
460 V. at with a full load consumption of 6-1 kW. 
Pye Ltd... RF. Heating Division, 28 James Street, 
('ambridge. 


Titanium Alloys 

To meet the increasingly specialised demands of im- 
portant consumers, L.C.1. Metals Division have added 
four new materials to their titanium range. With the 
addition of L.C.1. Titanium 125 and I.C.1. Titanium 150, 
the range of I.C.1. commercially pure titanium is now 
increased to six grades. each with closely controlled 
strength and ductility. The 115 alloy has a minimum 
U.T.S. of 26 tons sq. in. and a minimum proof stress of 
13 tons sq. in., whilst the strongest, 160 alloy, has a 
U.T.S. of 40-50 tons sq. in. and a minimum proof stress 
of 30 tons sq. in. The effect of the greater choice will be 
to give more latitude to the fabricator of assemblies 
such as vessel linings and pipework for chemical plant, in 
which ductility is a prime consideration, while improve- 
ments in formability of the harder grades will permit their 
use for more highly stressed components in the aircraft 
and chemical industries. 

L.C.1. Titanium 230 is a binary titanium-copper alloy 
which was formerly available as the experimental alloy 
EX.012. It has been developed for applications, mainly 
in the aircraft industry, where medium strength at 
moderate temperature must be combined with good 
weldability and formability. In the soft, solution- 
treated condition it has a minimum U.TS. of 32 tons. - 
»q. in., which can be raised to 45-53 tons sq. in. by ageing. 
Strength is retained well at temperatures up to about 
200° C., and the alloy—which is available as sheet, bar, 
rod, extrusions and wire—is particularly suitable for 
complex fabricated assemblies in aero engine production. 

The other new alloy, I.C.I. Titanium 679, is a high- 
temperature creep-resistant material, previously known 
as EX.013A, and contains tin, zirconium, aluminium, 
molybdenum and silicon. It has a remarkable resistance 
to creep in the range 400-500° C. At 500° C., the short 
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term tensile strength is 52 tons, sq. in. and the alloy will 
withstand a stress of 12} tons sq. in. for 300 hours before 
showing a plastic strain of 0-1°, At 400° C., the resis- 
tance to plastic strain is nearly three times as high at 
36 tons sq. in. Specially developed for aero engine 
components—notably compressor discs and blades— 
Titanium 679 is produced mainly in the form of rod, bar 
and billet for forging. 

Imperial Chemical Industries, Ltd., Metals Division, 

Millbank. London S.W.1. 


Spray Booth 


THE conventional water wash-spray booth has a centri- 
fugal water-circulating pump with its attendant piping, 
nozzles and filters, all prone to trouble and excessive 
maintenance when handling water heavily contaminated 
with paint. In the Nopump booth, developed by Alfred 
Bullows and Sons, Ltd., a stream of air at very high 
velocity licks the surface of the water, entraining a large 
amount of water in the air. This air-water mixture, still 
travelling at very high velocity, is forced to make a 
number of carefully controlled changes of direction, 
during which the heavier paint particles are thrown, by 
centrifugal force, into the water stream. The water is 
then separated from the air by a number of eliminator 
plates, the clean, exhaust air being taken to atmosphere, 
and the water returning to the tank. 


As there are no filters, the degree of contamination of 
the water has little or no effect on the operation of the 
booth. If the collected paint is encouraged to sink, the 
booth will go on running until the water tank is virtually 
full of collected paint, which is in the form of silt. There 
is no sacrifice of washing efficiency, the exhaust air from a 
Nopump booth being extremely clean. Furthermore, 
when handling ceramics, fillers, etc., there is nothing to be 
damaged by the abrasive residue. The power consump- 
tion of a Nopump booth is approximately the same as 
that of a conventional water wash booth. The illustration 
shows an installation at Messrs. Massey-Ferguson (Great 
Britain), Ltd., which has operated two nine-hour shifts 
per day since March on continuous painting of agricultural 
equipment. When examined after six months, no 


cleaning out had been done and, based on the results of 
the examination, it was anticipated that the booth could 
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run a further six months before this would be required. 
At present, there is an average depth of silt of 4 in. over 
the entire water tank bottom, an area of 290 sq. ft. A 
further 6 in. can be accommodated before cleaning is 
essential. The fan and ducting are barely discoloured, 
and the only maintenance cost has been for cleaning the 
floor inside the booth and routine greasing of bearings. 
checking and adjusting belts and = similar routine 
preventive maintenance. 

Alfred Bullows and Sons, Ltd., Long Street, Walsall, 


Staffs. 


Relays for Liquid Level Measurement 


Five different types of constant differential relay made 
by Survie Controls, Ltd., are now available with built-in 
variable area flow meter (Rotameter) and needle valve. 
There relays can be used to ensure a constant bubbling 
rate of purging air or gas in air reaction systems for 
liquid level measurement. Highly precise flow control 
of the purge medium is necessary if measurement accu- 
racy is not to be affected by variations in bubble size or 
by variable kinetic heads across the dip tube. Sunvic 
Model 62A and 63A series relays meet this requirement. 
They enable flow rates to be regulated accurately within 
wide limits, simply by adjustment of the needle valve. 
thus ensuring steady readings and economical use of 
purge medium. No liquid is used in the purge flow 
controller, and so no maintenance is required. Instead 
of visual indications of purge rate by bubblirz, an 
accurate flow meter, with easily read calibrations is 
provided. The unit is rated at 50 1b. sq. in. static 
pressure and tested at 100 lb. sq. in. static pressure. 

Model 62A relays use a high-precision bleed-type 
regulator which has the advantage of releasing any surge 
from downstream. The body is of brass with neoprene 
diaphragm and stainless steel valve and spring. Model 
63A relays are non-bleed type and are therefore ideal for 
use with liquids as well as expensive purge media such 
as helium or carbon dioxide, or with inflammable gases. 
Two versions are available : one for use when up-stream 
pressure can be held constant, the other for constant 
downstream pressure. Construction materials are as for 
Model 62A. Both versions are also available in stainless 
steel body with Teflon diaphragm. 


Sunvie Controls, Ltd.. Harlow, Essex. 


Metal Laboratory Furniture 


Ix collaboration with the manufacturers, Grundy 
Equipment, Ltd., the Griffin & George Group have greatly 
improved the appearance and durability of their range 
of all-metal unit furniture. The change-over to the new 
design, which comes into force immediately, gives to the 
purchaser the benefit of much research work and 
investigation into what style of unit makes the greatest 
appeal to the largest number of users: It was found, 


for instance, that projecting handles were a cause of 


constant annoyance, and since the pressed metal work 
of the Griffin-Grundy Units offered an opportunity for a 
change in design, this no-projection feature was 
incorporated in the new cupboards and drawers with 
great success. A continuous flange offers finger-grip 
space over the full width of door and drawer and this 
gives the units an extremely clean and flush appearance. 
Special attention has also been given to the adjustment 
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and alignment of the drawers by the use of a simple cam 
on the drawer track, which is easily accessible from the 
front of the unit ; a rubber buffer on the track makes for 
quiet operation. Other features in the range include 
the choice of many materials and finishes, 14 in. shelf 
centres, piano-type hinges, adjustable feet, and flashing 
strips which conceal all fixings. 

Griffin, & George (Laboratory Construction), 

Ealing Road, Alperton, Wembley, Middlesex 


Ltd.., 


Twin-Zone Radiant Heaters 


TWIN-ZONE radiant heaters, designed to give either a 
concentrated or a widespread warmth from the one unit, 
have been developed by The General Electrie Co., Ltd 
The variation of heat intensity is effected simply by 
raising or lowering an aluminium reflector within the 
body of the heater: the distance the reflector is posi- 
tioned from the elements governs the width of the beam 
of heat. With the reflector in the narrow beam position, 
the heaters are ideal for providing warmth over isolated 
sections of buildings such as loading bays. hangars, 
machine shops and garages. In the broad beam position 
the heaters can be used for complete heating installations 
in churches, village halls, community centres and similar 
buildings where overall air heating would be too costly 
due to intermittent use or lightness of construction of the 
the building. Running costs are at a minimum because 
warmth is concentrated only where it is needed and the 
heaters need only be switched on a short time before a 
building is used. 

The frame of the Twin-Zone radiant heater is made 
from 20 gauge sheet steel and finished stoved enamel 
bronze. It incorporates a 20-gauge aluminium reflector 
and long-life Incoloy sheathed wire element(s). The 
14kW. model is fitted with a single element and single 
trough reflector and the 3 kW. model with two 14 kW. 
elements and a double trough reflector. A wire guard to 
clip on to the underside of the heater is available and a 
top guard can also be supplied. The reflector is easily 
removable for occasional cleaning with a damp cloth to 
maintain maximum reflectivity. 

A single 3kW. Twin-Zone heater adjusted to the 
narrow beam position and suspended horizontally at a 
height of 12 ft. (3.66 mm.) above floor level will give an 
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intensity at average shoulder level of approximately 
45 B.Th.U. sq. ft. (484 B.Th.U/sq. m.)/hour. If the 
3kW. Twin-Zone heaters are adjusted to the broad 
beam position and mounted at 14 ft. (4.27 m.) from 
floor level, 16 ft. (4-88 m.) to 18 ft. (5-48 m.) between 
rows and 10 ft. (3-05 m.) between centres, a uniform 
intensity of approximately 30 B.Th.U./sq. ft. (323 
B.Th.U. ‘sq. m.)/hour will be obtained at shoulder level. 
Both heaters measure 444 in. long 6% in. wide 
23 in. deep and have 40} in. fixing centres. 

The General Electric Co., Ltd., Magnet House, Kingsway. 

London, W.C.2. 


D290 Grating Monochromator 


A NEW, inexpensive, grating monochromator is being 
made by Hilger & Watts, Ltd. It is intended primarily 
for laboratory workers, microscopists, teachers, and 
others, who require a simple lights ource of variable 
wavelength. The instrument is novel in construction 
and uses a plane grating as the dispersing element. This 
grating has 15,000 lines to the inch and gives a reciprocal 
dispersion of 70 A/mm. The slits, variable in width 
from 0-1 mm., are of the simple unilateral form and are 
so coupled that, whatever their width, the peak wave- 
length of the transmitted radiation remains constant. 
The wavelength can be varied from 200—-1,000 mp, and 
is controlled by a knob with an indicator reading to 
Imp. The monochromator is reversible and can be 
mounted on its baseplate with the slits horizontal or 
vertical. Without the baseplate it measures only 
33 15 9em., and the base-plate itself measures 
20 x 20 « 2em. The total weight is 6 kg. 

Hilger & Watts, Ltd., 98 St. Pancras Way, Camden 

Road, London, N.W.1. 


Vibrating Drive Motor 

A NEW electric motor specially designed for vibrating 
drives, the first of its type to be made in the U.K., is being 
produced jointly by The English Electric Co., Ltd., and 
the Grantham Electrical Engineering Co., Ltd. The 
completely self-contained unit provides an inexpensive 
and reliable drive by eliminating all the mechanical 
parts associated with an eccentric shaft arrangement. 
Vibration is generated by out-of-balance weights at 
either end of the motor which can easily be adjusted by 
single bolts to give the required output. It is of robust 
construction, having heavy duty bearings with special 
features to deal with out-of-balance loads. Tests have 
shown that a bearing life of many thousand hours can 
be expected : the bearings are lubricated for life. The 
motor is totally enclosed, dust-proof and weather-proof. 
The frame is of nodular graphite cast iron, with integral 
feet, and the shaft is of high tensile steel to withstand the 
high centrifugal forces to which it is subjected. 

Because of its vibrating motion, the motor must be 
mounted on a resilient base. Operating at 1,500 r.p.m. 
synchronous speed, it has a power output of up to 
7,500 Ib. centrifugal force, or 10,000 Ib. at 3,000 r.p.m., 
which is ample for all applications at present envisaged. 
The motor is operated from a 3-phase 50-cycle supply at 
110-650 V. Greater outputs and other supply frequen- 
cies can be provided for. It is built to B.S. 2613, having 
Class E insulation on the windings, which permits a 
temperature rise of 65° C. in an ambient temperature of 
40°C. 
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It can be used wherever a vibrating motion is required. 
Typical examples are drives for conveyor, screening, 
hopper and continuous drying systems (especially those 
for dealing with loose material in bulk quantities). 
tamping equipment (e.g. for pre-cast concrete) and 
machines for breaking or grinding down material into 
smaller parts, from materials as heavy as granite to those 
as light as plant leaves. 

The English Electic Co., Ltd., Bradford, Yorks. 


The Grantham Electrical Engineering Co., Ltd, 6 
Wharf Road, Grantham, Lines. 


Liftmaster Magnet 


EXTENSIVE trials in steelworks and foundries, carried out 
over a period of four years, have been completed on the 
new circular lifting magnet—the Liftmaster—developed 
by Rapid Magnetic Machines, Ltd. Of welded con- 
struction, the Liftmaster is said to have certain advan- 


tages over the conventional bolted design. It offers 
unusual dependability and a greater pick-up for nominal 
diameter, and the peripheral face is completely free from 
projections : it is also moisture proof. At present its 
manufacture is restricted to three sizes, 52 in., 62 in. and 
72 in. 

Rapid Magnetic Machines, Ltd., Lombard Street, 

Birmingham, 12. 


Dupiex Nickel Coating 


THE development of duplex nickel coatings for improving 
the corrosion resistance of deposits has resulted in various 
systems and types of solution for the purpose. W. 
Canning and Co., Ltd., have developed a system which 
combines the advantages of their well-known Nivo nickel, 
with the levelling and brightness of B.Q.840 bright nickel 
solution. The dual deposit gives a corrosion protection 
equal to a polished Watts type nickel without the need for 
polishing. The initial deposit is obtained from High 
Speed Nivo solution, a development of the Nivo which 
was first introduced in 1910. This solution is simple. 
cheap to operate and does not require frequent heavy 
carbon treatment. From the High Speed Nivo solution, 
components are transferred directly (without rinsing or 
“ striking’) into a B.Q.840 or B.Q.860 bright nickel 
solution to obtain a fully bright, levelled deposit. The 
High Speed Nivo solution is compatible with both 
B.Q.840 and B.Q.860 solutions, and there is no danger of 
laminated deposits being formed. 


W. Canning and Co., Ltd., Great Hampton Street, 
Birmingham, 18. 
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ij TU Steam Homo tempering 


@eec increases the life of tools, cams, 


=e bearings, etc. by at least 25% 


' TT. is usually an underestimate particularly with tools when cutting 
high chrome or high carbon steel when tool life is often doubled. 


HE Steam Homo Furnace is under automatic temperature contro! and 

during treatment a tough, blue black, oil retaining film is produced on 
the surface of the tool or part, this giving the greatly increased life. Non- 
ferrous parts, after stress relieving or annealing, have a scale free finish, this 
eliminating after-cleaning operations, and sintered iron products have 
greater hardness and compressive strength and resistance to deformation. 
Great undertakings like Brooke Tool, Easterbrook Alicard, Firth Brown 
Tools, Scharder, etc., all use this method. 

Scale-free finish—More and better work— 
in less time—and at lower cost 


Catalogue TD.2 620(1) will give you full details or a Technical Representative will wait upon you with pleasure 


Free Consultative Service 


| INTEGRA, LEEDS _ & NORTHRUP LTD. 
| 183, BROAD STREET, BIRMINGHAM, 15 


Telephone: MIDLAND 1453 4 ‘Grams: FLOMETER, BIRMINGHAM 


British made in Birmingham 
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Silicon Carbide 
Electric Furnace 
Heating Elements 


TRADE MARK 


The new DELTA heating element, used by leading furnace 
builders throughout the country, facilitates exceptionally accurate 
temperature control, to a maximum of 1550 C. It also offers 
outstanding economic advantages. It will give you 


* Easter Installation 

* Cleaner Operation 

%* Cheaper, Easier Maintenance 

Increased Efficiency 

* Longer Service 

* Greater Safety 

These are the results of more than a quarter-century’s unmatched 
experience. We shall be glad to hear from furnace builders and 
furnace users who would like full technical details of GLOBAR 


DELTA elements. 


A GREAT RANGE OF SIZES IS AVAILABLE 


THE BRITISH RESISTOR GO. 


TRAFFORD PARK, MANCHESTER 17 - TRAFFORD PARK 2381 
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CURRENT LITERATURE 


Book Notices 


SELECTED METHODS OF ANALYSIS OF 
FOUNDRY MATERIALS 


Part 1: Pic Iron anp Cast 


97 pp., 7 diagrams. Published by The British Cast Iron 
Research Association, Alvechurch, Birmingham, 1959. 12s. 6d. 
to B.C.1I.R.A. Members; 17s. 6d. to Non-Members ; 
($2.50 in the dollar area). 
THe B.C.1.R.A. Methods of Analysis Sub-Committee 
was initiated in 1950 under the chairmanship of Mr. 
N. L. Evans, and since then a tremendous volume of 
co-operative experimental work has been carried out by 
its members. The question arose of the most suitable 
method of presenting this work to the chemists who have 
to carry out the various procedures. How could the 
methods be made most readily available to the man at 
the bench‘ After much discussion, it was decided to 
publish a laboratory manual in simple and inexpensive 
form. The present werk is the first part of the manual, 
and deals with the sampling and analysis of pig and cast 
irons for carbon, silicon, manganese, sulphur, phos- 
phorus, nickel, chromium, molybdenum, copper, 
titanium and vanadium. Sections on spectrophoto- 
metric methods, laboratory equipment, apparatus and 
reagents, and laboratory techniques are also included. 
In order to make the manual as concise as possible 
and suitable for use at the bench, the subject matter 
has been restricted to the practical details of each 
method The emphasis is on the choice of methods 
which will give reliable results under routine conditions 
rather than on reference methods, and all the methods 
selected have been exhaustively investigated by the 
Methods of Analysis Sub-Committee. The book is 
attractively bound in a plastic cover which is resistant 
to acids, alkalis and the more common organic solvents. 
Later parts of the manual will deal with the analysis of 
alloy cast irons and ferro-alloys ; slags, refractories and 
fuels ; and methods for residual elements. 
RUSSIAN TECHNICAL DICTIONARY ON THE 
CONTINUOUS CASTING PROCESS 
110 pp. 45 in. Available free of charge to interested 
companies or individuals on application to the Information 
Office, British Iron and Steel Federation, Steel House, 
Tothill Street, London, S.W.1. 
As a_ practical contribution towards the growing 
exchange of ideas between this country and the U.S.S.R. 
the British Iron and Steel Federation has prepared a 
110-page English Russian, Russian English pocket dic- 
tionary in its series of ‘* Concise Iron and Steel Dictiona- 
ries’. In addition to covering the main iron and steel 
making expressions, it pays particular attention to the 
terms connected with the continuous casting of steel. 
Besides the vocabulary itself there is a brief history in 
English of the development of the continuous casting 
process, whilst a chapter in Russian reviews develop- 
ments in the U.K. since the process was first patented in 
1857 by Sir Henry Bessemer. Maps of the U.K. and of 
Russia are included which show the location of con- 
tinuous casting plants in relation to the rest of the 
industry and its raw material resources. Diagrams with 
bi-lingual text illustrate the actual process and plant. 
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Development work has been complementary in our 
two countries: Russia has concentrated mainly on 
proving in actual practice that continuous casting, 
especially for tonnage steels, is practicable and economic 
on an industrial scale, whilst the U.K., after concerning 
itself mainly with a thorough experimental evaluation 
of the process, is now starting manufacture of complete 
installations of continuous casting equipment for the 
world market. 

An important feature of the vocabulary is the imitated 
pronunciation that is given for every Russian word 
This simplified system of pronunciation ensures the 
usefulness of the dictionary, not only to the student of 
Russian or to the translator, but also to the practical man 
who may not even know the Russian alphabet ; the man 
who has to receive Russian delegations ; the man on the 
shop floor: and the visitor to Russia under the Ex- 
change Scheme for iron and steel technicians which has 
recently been started between the two countries. 


Trade Publications 


Two new illustrated folders issued by Thompson 
L’Hospied & Co., Ltd., deal respectively with Duraspun 
centrifugal castings and heat-resisting castings. Thomp- 
son L’Hospied are closely associated with the furnace 
industry and for a quarter of a century they have been 
building up knowledge and experience which have 
resulted in their high reputation in the heat-resisting 
casting field. Duraspun tubes are produced by the 
centrifugal casting technique in heat-resisting nickel- 
chromium alloys from 3 in. to 42 in. o.d., and they can 
be fabricated to form furnace rollers, radiant tubes, 
retorts, shafts and drive drums, their as-cast surface 
being sufficiently smooth for many purposes. 


Inco-Monp MaAGazine No. 10, available free on request 
to the Mond Nickel Co., Ltd. (Publicity Department), 
contains a description of the refining processes used to 
produce platinum metals from the residues of nickel 
refining undertaken by the Inco-Mond Group. Articles 
of general interest concern piston wear, steering mech- 
anisms, pumping slurries, transport of liquids by sea, 
cathodic protection of metal structures and nickel- 
plating on the Lambretta motor scooter. A state- 
ment on the commercial position of spheroidal graphite 
cast iron will be of widespread interest, and an illus- 
trated description of modern enamelled costume jewel- 
lery is included. 


A sIx-PAGE booklet containing correction factor curves for 
Flowrator variable-area flow meters is now available 
from the offices of Fischer and Porter, Ltd., Salterbeck 
Trading Estate, Workington, Cumberland. The curves 
included in the booklet are for industrial applications 
where viscosity changes have little or no effect, and where 
fluid density, gas pressure and temperature changes are 
the primary influencing factors. 

In view of the increasing interest in, and use of, corrective 

protective lenses in safety spectacles in British industry, 
the Safety Equipment Division of J. & R. Fleming, Ltd., 
146 Clerkenwell Road, London, E.C.1, have published 
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a booklet entitled ‘‘ Eyes at Work,”’ which is obtainable 
from them on request. In addition to technical informa- 
tion concerning Armorglas toughened corrective protec- 
tive lenses, the booklet contains valuable information 
on their prescription and dispensing through the usual 
ophthalmic channels, together with details of fees 
approved by the Association of Optical Practitioners for 
the professional services involved. 


THE seventy or so abstracts appearing in the August 
issue of The Nickel Bulletin reflect, in their diversity, the 
wide range of industries and applications in which nickel 
plays a major part. In the electrodeposition section 
attention is drawn to pepers on the corrosion-resistance 
of duplex nickel coatings and to a comprehensive in- 
vestigation of the production and properties of coatings 
deposited by thermal decomposition of nickel carbonyl. 
Reference is made to a paper describing the use of nickel- 
iron films in digital computers and, in the section on cast 
iron, to inoculation of castings by vibration during 
solidification. The eleven papers abstracted in the section 
concerned with nickel-containing constructional steels 
cover testing, fabrication, properties, susceptibility to 
embrittlement and applications in the automobile 
industry. The literature on nickel-containing heat- and 
corrosion-resisting materials ranges in its subject matter 
from precipitation reactions during ageing and the in- 
fluence of hot working on creep properties, to fabrication, 
gas lubrication, and resistance to intergranular and 
pitting corrosion. 


GrirFin & GeorGE, Lrv., the laboratory furnishers, have 
now completed distribution of their current price list of 
laboratory chemicals, and all those customers in educa- 
tion, industry and industrial research who are on the 
group's mailing list should have received their copy. 
The catalogue comprises 84 pages of general chemicals, 
AnalaR and micro-analytical (M.A.R.) reagents, and 
many pages devoted to microscopical stains, reagents for 
water analysis and other specialised items. 


BarLow-WuitNey, Lrp., have issued an_ illustrated 
brochure dealing with the electric furnaces made by the 
company, which include medium and high temperature 
muftles ; horizontal batch units both with and without 
forced convection ; car loading and roller hearth furnaces; 
cylindrical vertical pit and bell equipments ; continuous 
furnaces with pusher or belt feed ; and melting pots and 
salt baths. Provision is made, where necessary, for the 
introduction of special atmospheres, whether for bright 
annealing, brazing or sintering. Also illustrated are such 
items as forced convection ovens, a commutator soldering 
machine, and tanks for hot dipping in wax and other 
materials. 


THE uses of chromatography in inorganic analysis is of 
recent development, particularly in the identification 
of metallic samples. It has provided the chemist with a 
simple, yet precise, tool for dealing with the microscopic 
samples often supplied by the engineer, to which standard 
methods of analysis may not be applicable. An article in 
the August issue of C. A. V. Engineering Review deals 
briefly with some aspects of inorganic chromatographic 
separations as applied to the work of the chemical 
laboratory of C. A. V. Ltd., Acton, London, W.3. 


THE uses of nitrogen in the metallurgical and chemical 
fields is briefly discussed in a reprint of an article on the 
commercial production of gaseous nitrogen issued by the 
Gas Atmospheres Division of The Incandescent Heat Co., 


Ltd. The production section of the article deals with 
plant in three size ranges ; small (50-250 cu. ft. hr.)— 
based on the dissociation of ammonia: medium 
(250-50,000 cu. ft. hr.)—based on the combustion of 
fuel gas with air; and large—sometimes based on the 
liquefaction of air. 


” 


* Your CruciBie ”’ is the title of an illustrated leaflet 
recently issued by The Morgan Crucible Co., Ltd., and 
as might be expected, it provides a guide for the care and 
use of crucibles, so that the foundryman can get the best 
from his crucibles and maximum efficiency from crucible 
melting. Aspects dealt with in a clear and concise 
manner include storage, setting, lighting-up, charging, 
melting and pouring, and cleaning out. 


MIDLAND Sinicones, Lrp., 68 Knightsbridge, London, 
S.W.1., have just published a technical booklet ‘* Cold- 
Cure Silastomer ’—which describes in detail the 
properties of cold curing silicone rubbers, explains how 
they are processed, lists established uses, and suggests 
many more. The publication is well illustrated and has 
several tables in which the properties of these products 
are clearly set out. They are available in three grades : 
a heavy grade which can be moulded, milled or calen- 
dered; a medium grade suitable for spreading and 
caulking techniques, and making flexible moulds ; anda 
fluid grade, for dipping, injecting or impregnating. 


Books Received 


“ Freiberger Forschungshefte B.32.”’ 114 pp. 
1958. Akademie-Verlag. DM.8. 

“ Filler Metals for Joining.” By O. T. Barnett. 244 
pp. ine. index. New York and London, 1959. Reinhold 
Publishing Corporation and Chapman and Hall, Ltd. 
56s. net. 


Berlin, 


“ Experimental Techniques in Low-Temperature 
Physics.” By G. K. White. (Monographs on the Physics 
and Chemistry of Materials). 328 pp. inc. author and 
subject indexes and numerous illustrations. Oxford, 
1959. Clarendon Press ; Oxford University Press. 45s. 
net (in U.K. only). 

“The Directory of Opportunities for Graduates, 
1960”. 248 pp. London, 1959. Cornmarket Press, Ltd. 
Trade distribution by Bowes & Bowes (Publishers), Ltd. 
8s. 6d. net. By post 9s. 5d. 


* Proceedings of the Ninth Meeting of the Inter- 
national Committee of Electrochemical Thermodynamics 
and Kinetics”. 489 pp. London, 1959. Butterworths 
Scientific Publications. 120s. By post 122s. 3d. 


CORRECTION 

WE regret that in listing under “ Books Received ” in 
the August issue, “ Elements of Materials Science ~ 
which is published by Addison-Wesley Publishing 
Company, Inc., of Reading, Massachusetts, it was stated 
that the book is obtainable in the U.K. from Pergamon 
Press, Ltd. We are advised that this is not the case, the 
book being handled in the U.K. by Addison-Wesley 
Publishing Company, Inc., through their London Office, 
10-15 Chitty Street, and that orders may be placed with 
their trade distributor, the Book Centre, Ltd. We regret 
any inconvenience that may have been caused to 
Addison-Wesley and Pergamon. 
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Chart-drive gear train 
and multi-point 
mechanism 


This new 


mark 
multelec 


recorder— 


Multi-point printing 

mechanism with self- 

lubricating pen 
carriage un 


Mark 3 Multelec recorder 


MASTERS OF INSTRUMENTATION 


Chart frame swung away for ready access to main-frame components 


uses the same system and components as those in the 
electronic circular-chart recorder in the KENT Commander 
range. It retains, however, the same easy-to-read strip-chart 
(10 in. width) used in the Mark 2 Multelec instrument. The 
Mark 3 is available for the measurement of such variables as 
temperature, oxygen percentage, millivoltage, reactor power level, 
and—for certain applications— Mark 30 automatic control is 
included. 


Outstanding features include 

All-mains operation—no batteries ; continuous standardization 

Availability in single-, 2-, 3-, 4, 6-, 8-, 12- and 16-point form (temp.) 

2—second full-scale travel 

High-speed, deadbeat balancing on both a.c. and d.c. inputs 

Wide choice of chart speeds, from | in./hour to 4 in./minute 

High-gain amplifier, with synchronous converter having extremely low drift 
Multi-point printing—intervals of 5, 10 or 20 seconds, depending on application 


Mark 30 Series air-operated automatic control is provided when required (single-, 
2-, or 3-term); also electric on off control 


For full details write now for Publications 293 and 295, or telephone Metallurgical industry 
Contracts Department (Luton 2440 Ext. 191) for a quotation 


GEORGE KENT LIMITED - LUTON - BEDFORDSHIRE 
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Factories, Subsidiary Companies, and Branch Offices in London + Resolven - Hitchin - Toronto - Montreal « Vancouver 
Melbourne - Sydney « Johannesburg - Salisbury - Penang « Bangkok - Brussels « Krefeld « Vienna 
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REMARKABLE PERFORMANCE 
ALUMINIUM BRONZE 


0-10 IN. SHELL WITHSTANDS OVER 2 TONS PER SQ. IN. 


LEFT Gun-metal O25 in. thick—burst at 
4480 lbs. per sq. in. 

RIGHT Aluminium-bronze 010 in. thick—burst 
at 4816 Ibs. per sq. in. 


Recently we tested to destruction two similar 
hollow castings—-one in gun-metal, the other in 
aluminium-bronze. The gun-metal had a_ wall 
thickness of 0°25 in. and withstood pressures up 
to 4480 Ibs. p.s.i.—a very good performance. The 
casting in aluminium-bronze burst at a slightly 
higher pressure (4816 Ibs. p.s.i.) but its wall thickness 
was only 0°10 in. Surely an impressive demon- 
stration of the weight strength characteristics of 
this alloy. 

We were one of the first foundries to cast in 
aluminium-bronze and to-day we supply castings 
in this alloy to customers all over the world. 


CASTINGS FROM A FEW OUNCES TO 10 TONS... 
in all non-ferrous alloys. Precision machining. Special- 
ists in aluminium-bronze, centrifugal-cast wheel blanks, 
shell moulded castings, and chill-cast rods and tubes. 
Continuous cast phosphor bronze bars up to 12 ft. 
lengths. 


NON-FERROUS CASTINGS 


HIGH DUTY IRON 
CASTINGS 


PRECISION MACHINED 
BUSHES AND BEARINGS 


Send your enquiries to: 


HANLEY AND LONGPORT, STOKE-ON-TRENT, ENGLAND 
HANLEY, Phone: Stoke-on-Trent 22184/5/6/7. LONGPORT, Phone: Newcastle, Staffs 
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LABORATORY METHODS 


MECHANICAL - CHEMICAL - PHYSICAL - METALLOGRAPHIC 
INSTRUMENTS AND MATERIALS 


Vol. LX, No. 360 


A Method of Electropolishing Dilute Alloys of Lead 


By P. Gregory, K. M. Ginsburg and R. J. G. Woods 


The introduction of more complex lead alloys for sheathing electric cable has led to the 


development of techniques for electropolishing these materials for microscopic examination. 
Methods avoiding the use of perchloric acid are described and reference made to the difficulties 


URING the last few years, electropolishing 
D techniques for the preparation of metallographic 

specimens have been developed for a wide variety 
of metals and alloys, but lead alloys have received little 
attention, possibly because of the relatively simple 
constitution of the materials in general use. The 
increasing demands being made of lead alloys for sheath- 
ing electrical cables is, however, leading to the adoption 
of more heavily alloyed materials having microstructures 
that are not only complex, but may vary widely with 
heat treatment. Although well developed mechanical 
and chemical polishing procedures are available, they 
have been evolved principally for revealing macro- 
structural features, and are not entirely suitable for 
examination at high magnifications. 

A number of electropolishing procedures for lead alloys 
have been reported.’ For general laboratory use it was 
considered undesirable to employ solutions containing 
perchloric acid because of the danger of explosion.® 
Consequently, attention was directed to the electrolytes 
formulated by Jones and Thirsk® and Moulen.* 

The electropolishing apparatus used for the experi- 
ments consisted essentially of a D.C. source capable of 
being continuously varied in the range 0-150 V. at 
about | A. This was obtained by feeding 240 V. A.C., 
via a Variac, into full-wave plate rectifiers, arranged as a 
bridge circuit, with choke smoothing in the output stage. 
The cathode was of hard graphite and the electrolyte 
was agitated by a stirring unit. 

For the purpose of initial trials, specimens were 
mounted in Bakelite, electrical connection with the 
specimen being made by drilling a } in. hole through the 
Bakelite and into the specimen, so that a copper wire 
could be inserted and soldered into position with Wood's 
metal. To avoid contamination of the electrolyte, the 
wire was sleeved in varnished cambric and the soldered 
joint sealed with paraffin wax. For routine examina- 
tions the use of heat or pressure must be avoided, and the 
specimen is therefore mounted in a cold-setting resin 
with the connecting wire in situ. 

Jones and Thirsk* recommended an electrolyte con- 


© Communication from the Metallurgical Laboratory, Research Organisation, 
British Insulated Callender’s Cables, Ltd., London, W.12. 
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encountered when the arsenic and antimony contents exceed 0- 1°, 


and O-2° respectively. 


taining 315 ml. acetic acid, 60 g. sodium acetate and 
80 ml. water, operated at a current density of 50-100 


mA. sq. in. Using specimens ground to 0 grade emery, 
this technique was found to give a satisfactory polish 
on a range of materials, including unalloyed lead and 
alloys containing 0-2°,, tin, 0-07°,, cadmium and 0-4°, 
tin, 0-2°,, antimony. The polishing time was normally 
in the region of 4-5 minutes, but it was possible to 
decrease this slightly, without deterioration in quality, 
by increasing the current density up to not more than 
500 mA. sq. in. 


Difficult Alloys 


Alloys containing more than about 0-1°,, arsenic or 
0-2°,, antimony could not be satisfactorily polished by 
this procedure. The surfaces developed a tenacious 
black film and extensive pitting occurred. In an attempt 
to extend the range of application of the solution, a 
study was made of the effect of systematic changes in 
composition. This commenced by varying the propor- 
tion of sodium acetate while maintaining a constant 
ratio of acetic acid to water content. A significant 
reduction in the pitting tendency was brought about by 
a decreased concentration of sodium acetate, the opti- 
mum composition being 315 ml. acetic acid, 32 g. 
sodium acetate and 80 ml. of water. 

In the next stage, the water content was varied while 
the ratio of acetic acid to sodium acetate was held 
constant, but only a slight improvement was obtained 
in this way. The best all round results were given by an 
electrolyte of composition: 315 ml. acetic acid, 32 g. 
sodium acetate, 108 ml. water. 

This modified electrolyte, however, still resulted in the 
formation of a black film and appreciable pitting with 
materials containing more than 0-2°, antimony or 
0-1°, arsenic. It was sought to counter this effect with 
additions of hydrogen peroxide (in analogy with solu- 
tions for electroless chemical polishing) in amounts up 
to 40°, by volume. Such additions proved partially 
successful in avoiding the formation of a black deposit 
when the amount of hydrogen peroxide present exceeded 
about 20°,, but pitting became extensive at these 


‘ 


Fig 1.--Lead containing 0-2°, tin and 0-07°, cadmium. 
x 250 


arsenic, 0-1°, 
0-1°,, bismuth. 


Fig. 3.--Lead containing 0-05°,, 


concentrations. It was found that electropolishing 
for 2 minutes, followed by immersion for 15-45 seconds 
in a 3:1 acetic acid-hydrogen peroxide mixture, removed 
the black film. This treatment produced areas suitable 
for examination at high magnifications which, however, 
were rather restricted owing to the presence of pitting. 


The illustrations show some microstructures typical of 
those obtained by these procedures. Fig. 1—lead con- 
taining 0-2°, tin and 0-07%, cadmium—is a single- 
phase alloy ; Fig. 2—lead containing 0-05°, arsenic— 
shows a finely dispersed precipitate; Fig. 3—lead 
containing 0-05°,, arsenic, 0-1°,, tin and 0-1°%, bismuth 
—shows intermetallic constituents and pitting; and 
Fig. 4—lead containing 0-85°%, antimony and 0-06°, 
copper—shows discontinuous precipitation of the beta 
phase, recrystallisation at the grain boundaries, and a 
cuboid of a copper-rich constituent. 


A limited number of trials were also conducted with an 
electrolyte evolved by Moulen,* having a composition 
of 200 ml. fluoboric acid, 20 ml. sulphuric acid and 780 
ml. water. Although satisfactory polishing was achieved 
with single-phase materials (unalloyed lead and a lead 
containing 0-2°, tin and 0-07°%, cadmium), the tech- 
nique has the disadvantage of requiring a high current 
density (4-7 A./sq. cm.). Further, the polishing condi- 
tions proved critical and difficult to control. 
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Fig. 2..-Lead containing 0-05°, arsenic. < 200 


| 
¥ 


Fig. 4. -Lead containing 0-85°, antimony and 0-06°%, 


copper. CB 
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Micro Hardness Tester 


Nasu & Tuompson, Lrp. have concluded arrangements 
for the marketing of the G.K.N. Micro-Hardness Tester, 
manufactured by Associated Automation, Ltd. This 
instrument, which was developed by Associated Auto- 
mation, Ltd., and the Guest, Keen & Nettlefold Research 
Laboratories, enables indentations to be spaced less 
than 0-001 in. apart. Small sections, foils as thin as 
0-0005 in., and individual crystals or phases can all be 
checked. Using a 10 g. load on a material with a hard- 
ness of 200 V.P.N., the diagonal of the indentation 
measures only some 10 microns. The Micro-Hardness 
Tester can be supplied mounted to, and calibrated with, 
a suitable bench-type metallurgical microscope. 

The Nash & Thompson Metallurgical Sales Engineer, 
Mr. R. C. Blezard, is responsible for demonstrating the 
equipment, and appointments can be made either with 
the Sales Division at Chessington, Surrey (Elmbridge 
5252), or direct with Mr. Blezard at 23, Moorgate 
Avenue, Bamford, Rochdale (Rochdale 3290). 
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stituents and impurities in electronic nickel. 


The Analysis of Nickel 
Part I—Chemical Methods 
By T. R. Andrew and C. H. R. Gentry 


Material Research Laboratory, The Mullard Radio Valve Co., Ltd., Mitcham Junction 


A eritical survey is given of published methods for the chemical determination of the alloying con- 
On the basis of a re-examination of the published 


methods and additional investigations, specific methods for each element have been formulated. 
Detailed instructions are provided for carrying out the several methods with statements of the time 


required and the precision attainable under routine conditions. 


Neveral of the methods, which are 


mainly photometric, are original, and all should be applicable to other non-ferrous metals in addition 
to nickel. 


Silicon 

The trend towards lower ( <0-01°,,) silicon contents in 
electronic nickel has led to the virtual abandoning of the 
classical gravimetric methods for silicon of which the 
Inco! procedures, needing 5 g. of sample, may be taken 
as typical. Many variants of the molybdenum blue 
photometric method have appeared in the last few years, 
notably those of the A.S.T.M..3 Minster,*? 
Luke,“ Gann® and Of these procedures, 
there is probably little to choose in sensitivity between 
those proposed by Gann, by A.S.T.M. and by Andrew, 
the last having the advantage that it may be applied to 
tungsten-containing samples. In this Laboratory, this 
method has been used for over two years, and has justi- 
fied the claims made for it. 

A number of associated laboratories, who have used 
this procedure, have reported occasional difficulty when 
examining tungsten-bearing samples, due to formation 
of a precipitate after the addition of the ammonium 
molybdate. This has been, in all cases, traced to the use 
of scratched or improperly cleaned beakers and, provided 
that clean unscratched beakers are used, should not be 
experienced in the normal use of the method. In particu- 
lar, it is recommended that the beakers used for dis- 
solving the sample should not be used as the containers 
for the colouring procedure without very thorough 
cleaning, preferably by a treatment with hot hydrochloric 
acid followed by several washes with distilled water. 

The procedure is as follows :— 

Dissolve 250 mg. sample in 16 ml. nitric acid (1 : 1). 

(If tungsten is present, 5-0 ml. 1°, phosphoric acid 

must be added to the solvent acid). Add 100 ml. 

water and boil gently for 5 minutes. Cool and dilute 

to 500 ml. in a graduated flask. Pipette two 25 ml. 

aliquots into clean dry beakers. To one add, mixing 

between additions, 10-0 ml. 4°, oxalic acid, 5-0 ml. 

reducing solution (1-5 g. ferrous ammonium sulphate, 

0-5 g. ferric ammonium sulphate and | ml. sulphuric 

acid (1: 1) in 100 ml.) and 10-0 ml. 2-5°,, ammonium 

molybdate. This is the comparison solution. To the 
second aliquot, add 10 ml. 2-5°, ammonium molyb- 

date solution, mix and allow to stand at 25 = 2° C. 

for 20 minutes. Then, mixing between additions, 

add 10 ml. 4°, oxalic acid and 5 ml. reducing solution. 
Record the optical densities of these solutions against 
water in 4 cm. cells at 810 my : the difference between 
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(continued from page 124 of the September issue) 


the two readings gives the silicon content of the 
sample. The range of the method is up to 0-10°, 
silicon. 

In view of the difficulty of evaluating the reagent 
blank in this procedure, it is desirable that a sample of 
nickel containing either no silicon or a known small 
amount should be carried through the procedure and a 
reagent blank calculated from the value thus obtained. 
For a consideration of blank evaluation in the determina- 
tion of small amounts of silicon, see Gentry and Andrew.*? 
A calibration curve is prepared from standard silicate 
solution (prepared from pure silica) added to nickel of 
low silicon content and carried through the procedure. 

It is possible to apply this procedure to samples weigh- 
ing only 10-15 mg. by using correspondingly reduced 
amounts of solvent acid and taking the whole of the 
sample for the determination. In this case it is desirable 
to use a specimen of nickel of roughly similar composition 
for the preparation of a blank solution 

A batch of twelve samples may be analysed in about 
three hours. On the Mond Nickel Company's samples, 
other than the one containing less than 0-02°,, silicon, 
the coefficient of variation was 2-5°,. At levels of 
silicon below 0-03°,, duplicates rarely differ by more 
than 0-002°,, silicon. 


Sulphur 

The * standard ’’ methods for the determination of 
sulphur in nickel put forward by Inco! and A.S.T.M.,* 
fall into two classes—gravimetric determination as 
barium sulphate after solution of 10 g. sample under 
oxidising conditions, and iodometric determination of 
hydrogen sulphide liberated during solution under 
reducing conditions. These two techniques are equally 
valid, since all the sulphur present in electronic nickel 
is present as sulphide. 

In the evolution procedure, the liberated hydrogen 
sulphide is absorbed in either ammoniacal zine solution! 
or in ammoniacal cadmium solution. The present 
authors have confirmed** that in the case of ammoniacal 
cadmium solutions the recovery of sulphur can be low, 
due to photochemical oxidation of cadmium sulphide, 
unless the solution is shielded from light. They would, 
moreover, strongly urge the use of sulphuric acid or 
acetic acid, rather than hydrochloric acid, for finally 
acidifying the sulphide solutions, as the reagent at 


present available in this country invariably contains 
sufficient free chlorine to cause considerable loss in 
precision at low sulphur levels. 

In an attempt to reduce the amount of sample needed 
to a more realistic level, Luke**®*°* put forward a 
number of methods which require only | g. sample. The 
first of these used solution under oxidising conditions 
followed by reduction of sulphate to sulphide with 
hydriodic acid, absorption of liberated hydrogen sulphide 
in ammoniacal zine solution, and subsequent iodometric 
determination.*® In a variant of this method,*® hydro- 
gen sulphide was absorbed in ammonia and used to 


precipitate colloidal lead sulphide, the optical density of 


which was measured. The somewhat indirect approach 
of these methods was justified by the rapidity of solution 


of nickel in nitric acid, as opposed to the very slow rate of 


reaction with the hydrochloric acid used in the more 
direct evolution methods. The present authors** 
proposed wrapping the specimen in platinum gauze to 
speed up the rate of solution in hydrochloric acid, and 
this was later improved by Luke,*' who added platinic 
chloride to the hydrochloric acid used as solvent for the 
evolution method, and titrated the hydrogen sulphide 
evolved, after absorption in ammoniacal zine solution, 
with standard potassium iodate. 


In this Laboratory, the polarographic procedure of 


Andrew and Gentry**® has been in general use for some 
five years. Its principle is simple ; nickel is dissolved in 
hydrochloric acid, the hydrogen sulphide evolved is used 
to precipitate cadmium sulphide from a standard cad- 
mium solution, and the decrease in the cadmium content 
of the solution is measured polarographically. 

The procedure is outlined below, but reference should 
be made to the original publication for details of the 
specially designed absorption vessels. 

0-5 g. sample is wrapped in platinum gauze or 
perforated platinum foil and transferred to the 
evolution apparatus. The absorption vessel is charged 
with 10-0 ml. cadmium solution (5-0 mg. cadmium 
as chloride, 1-06 g. ammonium chloride, 8-0 ml. 
ammonia, 1-0 ml. 0-5°,, gelatine to 100 ml.) anda slow 
stream of nitrogen passed through the apparatus. 
After 5 minutes, 25 ml. hydrochloric acid (1 : 1) con- 
taining 1°, stannous chloride is added and heated just 
to boiling until the sample is dissolved. The polaro- 
gram of the absorbing solution is recorded from 

0-65 to — 1-0 volts v. S.C.E., and compared with 
that of a portion of the cadmium solution which had 
not been used as an absorbent. Apart from a know- 
ledge of the exact concentration of cadmium in the 
solution, no standards are required. The range is 
dependent on the cadmium concentration taken, but 
it is normally arranged to be up to 0-02°, sulphur. 


By suitable modification to the cadmium absorbing 
solution and the use of a micro absorption vessel,** 
the method may be applied to samples weighing only 
10 mg. 

Using a battery of evolution vessels and absorbers, a 
hatch of six samples may be analysed in under three 
hours. When the method was applied to a range of 
samples having sulphur contents from 0-002°, to 
0-004°., a coefficient of variation of + 3-5°,, was found. 
On 10 mg. cathodes, the micro procedure gave a co- 
efficient of variation of + 9°, at the 0-003°, level. This 
high figure is attributed to differences in the samples, 


rather than to a real loss in precision at the lower level 
involved. 

Attempts have been made to modify the micro- 
evolution method to utilise a photometric rather than 
a polarographic finish. Although promising results have 
been obtained by the methylene blue procedure of Fogo 
and Popowsky,” they have not been as precise as those 
obtained by the polarographic method. 


Titanium 

The classical method of determining titanium in 
nickel is to use a large sample weight, remove the nickel 
and other heavy metals by mercury cathode electrolysis, 
separate the titanium with cupferron from sulphuric 
acid solution, and, finally determine photometrically, 
using hydrogen peroxide. Such a method has been 
advocated by Davis and Holton,’ after a_pre- 
liminary separation of the hydroxide at pH 6-7, precipi- 
tate the titanium with cupferron from sulphuric acid 
solution, and finally determine it gravimetrically as the 
ignited oxide, or photometrically with hydrogen 
peroxide. 

A more rapid method, and one requiring less sample, 
can be based on the preliminary separation of the 
hydroxide and its subsequent photometric determina- 
tion. Two such methods have been suggested using 
tiron (1 : 2-dihydroxybenzene —3 : 5-disulphonate (di- 
sodium salt) ) for the photometric determination. In 
the earlier of these, due to Potter and Armstrong,®* 
titanium hydroxide is separated from ammoniacal 
solution, filtered off, and dissolved in dilute sulphuric 
acid; titanium is determined in the solution at pH 
4-7 + 0-1, with sodium dithionite to destroy the iron 
colour. The second method* is very similar, differing in 
the addition of ferric iron as a collector for the precipi- 
tated hydroxide, in the solution of the hydroxide and 
filter paper by perchloric acid fuming, and in the addi- 
tion of EDTA as well as sodium dithionite to overcome 
interferences. In both methods, careful instructions are 
given concerning the use of sodium dithionite, the 
instability of which imposes stringent experimental 
requirements. However, despite this, in the authors’ 
hands the A.S.T.M. method has not been satisfactory, 
results generally being decidedly low. The method could, 
they believe, be made to work adequately by certain 
modifications of experimental detail, but these are not 
listed here since the method to be advocated has a 
number of advantages. 

The present authors have considered methods for 
determining titanium in nickel, all requiring a prelimin- 
ary separation, since none of the known reagents will 
permit the determination to be carried out without this. 
Of the several methods of separation studied, the 
precipitation of the hydroxide was found to be more 
rapid and convenient than other methods, such as 
extraction of the cupferrate into chloroform, extraction 
of the 8-hydroxyquinolate, ete. It was found necessary 
to use a collector, and ferric iron was found to give 
complete recovery ; aluminium was not suitable, since it 
interferes with the chosen photometric determination if 
present in milligram quantities. The hydroxide was 
precipitated from ammoniacal solution, keeping the 
nickel and any tungsten dissolved. Under the condi- 
tions advocated, the washed precipitate dissolved readily 
and completely in dilute sulphurie acid, overcoming the 
need for the perchloric acid fuming used by the A.S.T.M. 
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For determining the titanium after the preliminary 
separation several methods (e.g. chromotropic acid, 
hydrogen peroxide, 8-hydroxyquinoline with hydrogen 
peroxide) were considered, but the use of tiron was found 
to be advantageous. However, the conditions chosen 
differ markedly from those of Potter and Armstrong** 
and of the A.S.T.M..2 who use conditions based on the 
pioneer work of Yoe.“ Following some unpublished 
work,”* the authors have determined the titanium at 
pH 3, keeping the iron in the ferrous state with the aid of 
hydroxylamine and ascorbic acid. Working under these 
conditions, there is some small (about 10°.) loss in 
sensitivity as compared with the optimum pH range 
quoted by Yoe. However, this is more than offset by 
the fact that it permits the use of a much more stable 
reducing agent than dithionite, and overcomes com- 
pletely the need for very close control of pH. In the 
modification suggested here a pH range of 2 to 4 can be 
used, provided that the pH does not rise above 4 during 
the initial adjustment, and the final solution is stable for 
at least one day. A thorough investigation of the use of 
tiron for determining titanium under these conditions 
it has been studied only in so far as 
but a more 


has not been made 
it is of interest to this particular problem 
fundamental investigation might well be profitable. 

The method is as follows : 

Dissolve 0-1 g. sample in 2 ml. nitric acid (1: 1). 
Add 5 mil. of ferric iron solution (containing 5 mg. of 
iron as ferric chloride) and then 50 ml. of dilute 
ammonia (1:10). Heat just to boiling and _ filter 
immediately through a small fast paper (9% em. What- 
man 541). Wash twice with LO ml. portions of dilute 
ammonia (1:10) and reject filtrate and washings. 
Dissolve residue in two 5 ml. portions of sulphuric acid 
(1:3) and wash the paper with water. To the com- 
bined solution (volume about 50 ml.). add 5 ml. 5° 
hydroxylamine hydrochloride and heat to 90°C. for 
5 minutes. Cool and adjust pH to 3 with ammonia 
(1:1) using external indicator paper. Cool again, 
add about 20 mg. ascorbic acid and transfer to 100 mil. 
graduated flask. Add 5 ml. of a 4°,, tiron solution in 
water and dilute to the mark. Mix and read the 
optical density at 405 my in a 4 cm. cell against a 
reagent blank carried through the method. The range 
of the method is up to O-1°,, titanium. 

The calibration curve can be prepared using a standard 
titanium solution, without the addition of nickel. 

This procedure is not subject to interference from the 
range of other elements encountered in electronic nickel. 
The possible interference of tungsten has been especially 
studied, since tungsten will give a reaction with tiron 
However, it has established that there is no 
measurable interference, the preliminary separation 
serving to remove the tungsten completely 

Despite the need for the preliminary separation, the 
procedure is reasonably fast. requiring about 25 minutes 
per sample when carried out on batches. On the Mond 
Nickel samples, replicate analyses showed a deviation 
from the mean, never more than 0-002°, titanium : 
the coefficient of variation was 4%. 

Tungsten 

With the growing interest in alloys containing 0-5 
5°,, tungsten, the determination of this element in nickel 
has become increasingly important. No procedures for 
its determination are given by A.S.T.M. or Inco. In 
this Laboratory, the method of Gentry and Sherrington” 


been 
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has been used for over ten years, and its routine reliability 
has been such that alternative methods have not been 
considered. 

The method is as follows : 

Dissolve 0-25 g. sample in 5 ml. nitrie acid (1: 1) 
and add 5 ml. hydrochloric acid (cone.). Evaporate 
gently to incipient dryness. Add a further 5 ml. 
hydrochloric acid and repeat the evaporation. Add 
10 ml. 10°, citric acid and dilute ammonia (1: 1) 
until just alkaline to phenolphthalein. (A tolerance of 
several drops of ammonia is permissible, so that the 
lack of sharpness of the indicator colour change is not 
important). Transfer to a 100 ml. graduated flask 
dilute to the mark and mix well 

Pipette 5 ml. into each of two 50 ml. graduated 
flasks 4A and B. To each flask, add 16 ml. hydrochloric 
acid (conc.) and 1-0 mil. freshly prepared 20°,, stan- 
nous chloride in hydrochloric acid (1:1). Cool to 
room temperature in water. Add to each, from an 
Ostwald-Folin pattern > mi. tin amalgam 


pipette, 2 
(see below). Shake on a “ wrist-action ” shaker for 
3 minutes. 


To flask A add 5 mi. 12°,, potassium 
thiocyanate and dilute to the mark Dilute the 
contents of flask B to the mark with distilled water. 
Mix and record the optical density of both solutions 
at 400) mu in 4 em. cells. Deduct the reading for B 
from that obtained for A and calculate percentage 
tungsten from a calibration graph. The range is up to 
1-0°. with 4 em. cells and up to 4-0°,, with em. cells 
The procedure may be applied to LO mg. samples by 
reducing the reagents in proportion and finally diluting 
to 10 ml. in place of the 5 ml. aliquot taken for the macro 
procedure, 

The tin amalgam is prepared by warming 10 g. tin 
with 50 ml. mercury and 10 ml. hydrochloric acid (1: 1) 
for a few minutes. The amalgam is stored under hydro 
chloric acid (1:9) in the presence of some solid tin. 

A standard tungsten solution is prepared by dissolving 
1-261 g. WO, in 25 mi. 10°, NaOH and diluting to 
500ml. | mil. of this solution contains 2-0 mg. tungsten 
0, 1. 2, 3, 4, 5 and 6 ml. of this solution are added to 
0-25 g. portions of nickel which are then carried through 
the procedure, 

A batch of six samples may be analysed in 3 hours. 


Zine 

Above the level of 0-OL°,. the determination of zine 
in nickel can be undertaken by a number of published 
methods, for example, the method for nickel anodes 
described in B.S. 558 and 564:1953. However, the 
determination at the 0-001°, level required in the 
analysis of electronic nickel is very difficult. Photo- 
metric and polarographic techniques of adequate 
sensitivity are available, but are subject to interference 
from nickel or the other impurities. All attempts the 
authors have made, either to mask the interferences or to 
overcome them by a preliminary separation of the zinc 
have been unsuccessful, because of such factors as loss of 
zine, high blanks or operative difficulties. 

An estimate of the zine content can be obtained by 
heating the nickel, in a finely-divided form, in vacuum 
at 800°C the volatile elements distil off and the 
deposit can be tested for zinc. For the accurate deter- 
mination of traces of zine in nickel, however, it is not 
possible, as yet, to put forward an entirely satisfactory 


method. 
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N.B.S. Publications 


Tue National Bureau of Standards is now publishing its 
Journal of Research in four separate sections which may 
be subscribed for individually. Section A will deal 
with physics and chemistry ; section B, mathematics 
and mathematical physics ; section C, engineering and 
instrumentation ; and section D, radio propagation. 
The editorial scope of the journal will be broadened in 
several ways. In addition to research reports, the new 
journal! will present review articles by recognised authori- 
ties and compilations of information on subjects closely 
related to the Bureau’s basic mission. Much of the 
material which the Bureau has published hitherto in 
non-periodical form will henceforth appear in the journal. 
In consequence of this change, two non-periodical series 

Circulars and Building Materials and Structures 
Reports—are being discontinued. Other non-periodical 
series will remain as at present, and two new series, to 
be known as Monographs and Technical Notes, are being 
inaugurated. The former will consist of major contri- 
butions to the technical literature which are too long for 
publication in the Jeurnal of Research, and the latter is 
designed to provide a means for making available 
communications and reports of transitory or limited 
interest. Technical Notes will be offered for sale by the 
Office of Technical Services, U.S. Department of Com- 
merece, Washington 25, D.C., and all other N.BS. 
publications are available from the Superintendent of 
Documents, U.S. Government Printing Office, Washinz- 
ton 25, D.C. 


Aluminium-Magnesium Exchange 


ALUMINIUM, Lrpb. has announced the signing of an agree- 
ment with the Dow Chemical Company of Midland, 
Michigan, covering the exchange of aluminium for 
magnesium. The agreement was concluded for Alu- 
minium, Ltd., by its subsidiary, Magnesium Company of 
Canada, Ltd., and extends to 1971. It was stated that 
the continued production of magnesium at the Aluminium 
Company of Canada, Ltd.’s smelter at Arvida, Quebec, 
which has an annual capacity of 4,000 tons of magnesium, 
is uneconomic and is being indefinitely suspended. In 
future, Magnesium Company of Canada, Ltd. (Magean), 
will get magnesium for its sales in world markets partly 
from the Dow Chemical Company and partly from the 
Canadian company, Dominion Magnesium, Ltd. 


New Company 


A NEW company has been formed to advise on design 
and manufacture of all types of special vacuum equip- 
ment for use in the high, medium or rough ranges, with 
special emphasis on metallurgical equipment and batch 
and continuous metallising. The company, Torvac, 
Ltd., with a development works at Histon, near Cam- 
bridge, is understood to have access to experience 
accumulated over many years in the design, construc- 
tion, testing and operation of vacuum metallising and 
other vacuum processes. Associated with the new con- 
cern, aS vacuum engineering consultant, is Mr. M. E. 
Boston. 


METALLURGIA 
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Cambridge Instrument 


Company’s New 
Research Block 


Opened 


Important Step in 
Expansion Programme 


HE new research laboratories of the Cambridge 
Instrument Co., Ltd., at Cambridge, which were 
officially opened on Wednesday, 4th October, by 
Lord Adrian, O.M., F.R.C.P., F.R.S., are the outcome of 
an enlightened research and development policy that 
began nearly eighty years ago with Horace Darwin's 
brilliant and original conception of providing precision 
instruments for research workers in universities. 
Starting with a small workshop and a staff of seven in 
1881, the company has steadily grown in size and stature 
until today it has become one of Britain’s foremost 
instrument manufacturers, with three factories in the 
U.K., associated companies in the U.S. and Australia, 
and accredited agents and dealers in over thirty different 
countries. 

The company’s success and present high standing in all 
branches of instrumentation have been due primarily to 
the quality and loyalty over a long period of the indivi- 
duals of which it is composed. An important contribu- 
tory factor has been the very close relations it has fostered 
with universities and research establishments. Many 
distinguished scientists and engineers, such as H. L. 
Callendar, E. H. Griffiths, G. A. Shakespear, C. R. T. 
Wilson, W. D. Duddell, H. A. Daynes, etc., have brought 
their problems to Cambridge, and their names are now 
inseparably associated with instruments that were 
designed, made, and first marketed by the company. 
This admirable tradition is still followed and evidence of 
this today is to be found in instruments such as the 
Huxley microtome, the dye-dilution curve recording 
apparatus, and the electron-probe scanning X-ray 
microanalyser. 

The company’s research and development programme 
is based firstly upon the need for fundamental research 
into new and more elegant methods of measurement : 
secondly, upon the need to exploit fully the application 
of existing methods in science, industry, and medicine : 
and thirdly, upon the need to improve and develop 
existing designs. By providing this new building, with 


its ideal working conditions and first-class equipment, 
the company has already done much to further these 
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projects, but in the end it knows it must again look to the 
valuable human material upon which it has placed so 
much reliance in the past before it can count upon that 
“ flash of inspiration which marks a new advance.” 


The New Building 

The large windows running the length of the first three 
floors accentuate the clean functional line of the new 
laboratory block, and the underlining panels of Westmor- 
land green slate contrast effectively with light buff brick 
facing on the side walls. The top floor has a long covered 
balcony giving a fine view of the River Cam and Jesus 
Green. This building, with a floor area of approximately 
20,000 sq. ft., has been sited at an angle to the main road, 
in accord with modern concepts of town planning 

To the left of the laboratory block is a three-storeyved 
entrance block, the main feature of which is the high and 
spacious entrance hall. Modern and elegantly simple in 
its decoration, it forms the reception area for visitors. 
In the far wall is a large show-case, a shop window which 
will display in turn different facets of the company’s 
activities. To the right is the reception area and tele- 
phone exchange, a corridor leading to the ground floor 
of the main laboratory block and the lift which serves all 
floors. To the left of the hall a staircase leads to the 
first and second floors, providing access to the adjoining 
laboratories. The second or top floor of the entrance 
block includes the offices of the head of the research 
department and his secretary. - 

The main laboratory block consists of four floors 
approximately 100 ft. long and 40 ft. wide. Each floor 
has a separate function and the experimental or working 
area of each is laid out on an “open vista ” plan 
Particular attention has been given to ensuring good 
acoustic properties. On the ground floor is the mechani- 
cal engineering laboratory, with offices, stores, and a 
constant temperature room. Under the windows at the 
front wall of this laboratory are a row of instrument- 
maker’s benches and experimental benches, whilst the 
remainder of the floor space is laid out with precision 
machinery and mechanical laboratory equipment. 
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The first floor is devoted to physics and electronics. 
It has a large and airy main laboratory, offices, dark 
room and optical laboratory, standards room, and 
an electronic workshop. Near the main staircase on this 
floor is the research library. The second floor in this 
block is the physical chemistry laboratory with associated 
rooms for preparation, balances and glassblowing. Both 
of these rooms have special arrangements for chemical 
drainage, using polythene and vulcathene fittings. 

On the top floor is the design and drawing office. An 
important feature of the design of this floor has been 
in the lighting arrangements. Both front and rear walls 
have windows along their entire length and glass block 
daylight ceiling lighting has been incorporated along the 
centre of the drawing office. This is supplemented by 
fluorescent strip lighting covering the whole of the area. 

The building is constructed of reinforced concrete with 
columns at 10 ft. intervals and a flat floor slab spanning 
about 40 ft. to give a clear area uninterrupted by columns 
or beams. The gas, electricity, air and water services for 
each of the first three floors are distributed in ducts. On 
the ground floor, where the machines of the mechanical 
engineering laboratory are laid out along the centre line, 
the services are taken through ducts in the ground floor 
slab. On the first and second floors the benches of the 
physics electronics laboratory and the physical chemistry 
laboratory, respectively, are laid out in a peninsular 
arrangement. In this the benches are positioned against 
the windows on either side of the laboratories and at 
right angles to the window line. All the services reach 
the benches along horizontal ducts under the windows. 
These ducts have removable facing panels allowing easy 
access to the pipes for maintenance. 


Developments on Show 


Following the official opening, the laboratories and 
works were open for inspection by the guests, who were 
able to see for themselves the diversity of instruments 
made by the company, ranging as they do from tempera- 
ture controllers to microtomes, and from cardiographs to 
the X-ray scanning microanalyser. Apart from the 
development of new instruments, the company is con- 
stantly investigating the possibility of improving existing 
ones, as was clearly shown by the display of electro- 
cardiographs produced over the years, from the rather 
bulky first model (1909) to the new compact portable 
Transrite cardiograph, which incorporates the latest 
developments in transistors and printed circuits. 

Even an apparently simple device like the platinum 
resistance thermometer—simple, that is, by comparison 
with some of the modern electronic devices—is con- 
stantly undergoing change in both materials of construc- 
tion and techniques used in its manufacture, all aimed 
at increasing its accuracy and_ reliability. In the 
mechanical engineering section, the exhibits included a 
precision resistance thermometer incorporating the latest 
recommendations of the National Physical Laboratory, 
together with the special tools used in its construction. 


Of especial interest in this section was the display of 


taut suspension movements for moving coil instruments. 
By replacing pivots and their associated jewels with short 
metal bands under tension, such faults as develop 
due to wear of pivots and jewels are eliminated. and 
since the suspension acts also as control force and electri- 
cal connection to the moving coil. a verv simple, robust 
and friction-free movement results. Furthermore thev 


are resistant to quite severe shocks, and have a long life 
under severe vibration conditions. 

A selection of mechanical thermometers and tempera- 
ture controllers exhibited in the physics electronics 
section included an automatic control panel for a boiler 
installation, a Thermograph programme controller, and 
a demonstration version of the Numalee control system. 
The display in this section also included a transmitting 
version of a speed indicator used on extrusion presses. 
Of outstanding interest from a metallurgical point of 
view was the work on the scanning electron-probe X-ray 
microanalyser, which provides a powerful method of 
qualitative and quantitative metallurgical analysis. Its 
technique is that of irradiating a minute area of the 
surface of a metallic sample with a fine-focus beam of 
electrops and analysing the resulting emission of 
X-rays excited in the sample. Arrangements are made 
for the beam to scan the surface of the sample and an 
X-ray image of the distribution of a selected element can 
be displayed on a cathode ray tube, whilst a_ reflection 
electron image of the same area is displayed on an 
adjacent tube. The instrument has already proved 
extremely useful in examining inclusions, in studying the 
segregation of the constituent elements in an alloy, and 
in investigating the effects of electrodepositing one metal 
on another . 

A series of experiments concerned with boiler feed- 
water apparatus featured in the physical chemistry sec- 
tion included the determination of dissolved oxygen by 
electrochemical techniques, a hydrazine recorder, the 
continuous titration of oxygen, conductivity, dissolved 
carbon dioxide, and the measurement of pH. The 
electrochemical dissolved oxygen recorder uses an in- 
different gas—hvdrogen—to transfer the dissolved oxy- 
gen physically from the feed water to an electrochemical 
measuring cell that is specific for oxygen. The gas 
transfer system separates the oxygen from non-volatile 
impurities in the feed water which cause serious errors in 


measurement. Volatile impurities, such as sulphite. 


hydrazine, cyclohexamine, ete., do not affect the 
measurement. 
Dangerous concentrations of carbon monoxide can 


arise in many industrial situations and a small semi- 
portable device is at present under development for its 
determination. A catalyst is used to promote the oxida- 
tion of carbon monoxide in excess air, the resulting 
temperature rise during the exothermic reaction being 
used to estimate the amount of carbon monoxide origi- 
nally present. The test cell under development enables 
high sensitivity and rapid response to be obtained with 
low rates of gas flow. 

The Cambridge contribution to the field of polaro- 
graphy was also featured in this section, with particular 
reference to applications of the alternating current 
method and to research on continuous measurement by 
polarographic techniques. 

In addition to the new research laboratory block, 
another new building has been planned for the Cambridge 
factory and during the past few months the head offices 
in London have been doubled in size: furthermore an 
important extension is nearing completion at the 
Muswell Hill factory. The erection of the new laborato- 
ries should, therefore, be seen in the wider context of the 
integrated expansion of researeh, production and sales 
which are now being pushed ahead vigorously to pro- 
vide a broader basis for the company’s activities in the 
future. 
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The complete electrical 
repair service including 
rewinding to any insulativi 
specification. 


duBER110 


BRITISH ELECTRICAL REPAIRS LIMITED 
EMPIRE HOUSE, CHARLOTTE STREET, MANCHESTER, |. 


Telephone: CENtral 1378 (3 lines) 
Branches at Bath, B rmingham, Cardiff, Cnesterfiela, Eainburgh, Glasgow, Hawicx, Longon, Mancnester, Newcascle-on-Tyne, Swansea 
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| 
CVETY OF rical Repair 


ATMOSPHERE PLANTS 


EXOTHERMIC OR 
ENDOTHERMIC 


THE ILLUSTRATION SHOWS A 


STANDARD 250/500 curtHr 
EXOTHERMIC PLANT 


We are also makers of all types of Electric and Fuel 
fired Furnaces, Charging Machines and Conveyors. 


Your enquiries are welcomed. 


For further information write to: 


THE FURNACE ‘CONSTRUCTION Co. LTD. 


48 SMITH STREET, HOCKLEY, BIRMINGHAM 19 
Telephone: NORTHERN 6564 


od 


ALLOYS for METALS and POWDERS 
STEELMAKING TOOL TIPS 


Ferro Tungsten 80/85%, 


Ferro Vanadium 35/80% DRAWING DIES, Etc. 


Ferro Molybdenum 70/75% 


Calcium Molybdate 40/50% Tungsten Metal Powder 
Molybdenum Briquettes 55/65% Tungsten Carbide 
Ferro Titanium 20/25% and 40% Tungstic Oxide 
Tungsten Metal Powder 98 99%, Titanium Carbide 
Manganese Metal Ammonium Para Tungstate 
Chromium Metal and other metallic carbides 
Our specification booklet, giving full details of all our products and our quarterly ALLOY Metals Review, will be gladly sent on request to 


sat: ROAD, WIDNES, LANCASHIRE 


HIGH SPEED STEEL ALLOYS LTD. 


Ditton Road, Widnes, Lancashire 
Telegrams : ALLOY, WIDNES Telephone: Widnes 266! 
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Our latest twin set High Temperature High Vacuum 
Coreless Induction Melting furnaces of 10 cwts capacity 
now producing the highest grade materials. 


Mumetal Our insistence on installing the latest 
Supermumetal plant in our modern factory at CRAWLEY 


Radiometal ensures the greatly improved magnetic 
Super Radiometal quality of our well known TELCON MAGNETIC 
Permendur MATERIALS. The metallurgical cleanliness, 
Supermendur the precise control of composition and gas 
H.C.R. Alloy content and the superior physical charac- 
Rhometal teristics derived from HIGH VACUUM MELTING 


techniques make the whole range of TELCON 
ALLOYS second to none. 


Vicalloy 
INVAR 
THERMOSTATIC BiMETALS including BRASS/INVAR type 
BERYLLIUM COPPERS: CuBe 275, CuBe 250 CuBe 100, CuBe 50 
TELCONSTAN ALLOY for THERMO-COUPLES 

TELCOSEAL ALLOYS (GLASS/METAL SEALING) 
ELECTRICAL RESISTANCE ALLOYS: 

TELCUMAN - TELCONSTAN - PYROMIC - CALOMIC 


TELCON materials feature in THE DE HAVILLAND ‘COMET 4°’ and ‘‘FIRE- 
STREAK’, THEFAIREY FIREFLASH , SOLARTON ELECTRONIC READING APPARATUS , 
installed in the Computer Centre for BooTs (CHEMIST) LIMITED, and are 
integral parts of many other well known British inventions. 


TELCON METALS 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD. 
Meta's Division: Telcon Works, Manor Royal, Crawley, Sussex. Crawley 1560 


LIP AXIS ALUMINIUM MELTING FURNACE 


DOWSON & MASON LIMITED 
ALMA WORKS - LEVENSHULME - MANCHESTER 


Telephone : HEAton Moor 6251 (5 lines) 


This furnace is gas 
fired of the open 
hearth type, specially 
designed for Melting 
Aluminium scrap. 


It is heated by num- 
erous small capacity 
burners of the auto- 
matic proportioning 
type. 


GROUP 


Telegrams : Gasify, Manchester, 19 
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SINTERING and BRAZING 


FURNACES 


124a-130 EDINBURGH AVENUE, TRADING ESTATE, SLOUGH, BUCKS. 


Head Office : 


1350°C. 


CONVEYANCE SYSTEM (Pat. 
WIDE BOATS. 


183 LIVERPOOL ROAD, TRADING ESTATE, SLOUGH, BUCKS. 


CONSUMPTION. 66 kWs 8’ 


Works : 


LTD 


Tel : SLOUGH 21143 & 24746 


ILLUSTRATION 
SHOWS THE NEW 


DESIGN OF *PUSH-PULL’ 2 ONE 


HUMPBACK FURNACE FOR USE WITH 
REDUCING ATMOSPHERE FOR TEMP. 
INCORPORATING A FULLY AUTOMATIC BOAT 


UP TO 


No. 789,760) LOW HYDROGEN 


HIGH-DU TY 


S.G. NI-RESIST iron 


Castings 
and 
Components 


This turbo blown 
diesel engine 
exhaust manifcld, 
cast in S.G.Ni- 
Resist alloy iron, | 
stands up t> extremely high) 
working temperatures. 


If you need a casting or component for 
a difficult or highly specialised applica- 
tion, pass your problems to the John 
Williams Foundry Division—-they'll do 
the rest. 


A COMPLETE TECHNICAL 
AND FOUNDRY SERVICE 


x | 
Backed by advanced research laboratory facilities. | 
For a consultation —without charge or obligation — 
or a copy of our technical booklet ‘ Sound and 


write to:- 


Solid Castings’ 


JOHN WILLIAMS OF CARDIFF LTD 


EAST MOORS ROAD, CARDIFF Telephone: Cardiff 33622 (12 lines) 
Telex: 49303 


MECHANICAL WORLD 
MONOGRAPHS 


Title Net price By post 


48 Flow-Line Planning in Factory Layout 

49 Alloy Steels: Their — and 
Industrial Application : 

50 Aluminium and its Alloys 

51 Ball and Roller Bearings .._. 

52 An Outline of Advertising for E: ngineers 

53 Industrial Grinding and Reduction 
Plant .. 

54 Practical Management and Works 
Relations 

55 Factory C anteens : Their Planning 
and Equipment 

56 Helical Springs .. 

57 The Machining and Manipulation of 
Stainless Steels .. 

59 The Surface Area and Volume of 
Dished Ends 

61 Cams and Springs for ‘Poppet Valves 

62 Relaxation of Constraints and 
Moment Distribution 

63 Work Study and Incentives 

64 Electroplating and The Engineer 

65 Productivity and Probability 

Steam Trap Maintenance 

Choosing Electric Cables. . 


EMMOTT & CO. LTD. 


31 King Street West, Manchester 3 
London: 50 Temple Chambers, Temple Avenue, 
London, E.C.4 


N 
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LEARN HOW TO:— 
SPECIFY, 

TEST, 

USE, 


SHERARDIZING 


ZINC ALLOY 
RUST-PROOFING CO. LTD. 


SHAKESPEARE ST. WOLVERHAMPTON 
TELEPHONE: WOLVERHAMPTON — 27531 


(5 lines) 


ALSO AT LONDON AND ROCHDALE 


BOLTON 


who 


Head Office: MERSEY COPPER WORKS, WIDNES, LANCS. Tel : Widnes 2022. lengths; segments sawn or stamped to shape. Stepped and other 


Grams: “Rolls, Widnes’’. London Office & Export Sales Department: 168 Regent 
Street, W.1. Telephone: Regent 6427. Telegrams: “Wiredrawn, Piccy, London"’. special sections. Double taper bars. 


THOMAS BOLTON & SONS LTD | All sizes and sections; bars in random or exact (single and multiple) 
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YOURS for the Asking 
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H.C. COPPER & “COMBARLOY” COMMUTATOR BARS & SEGMENTS 
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HEAT. 


ATTACHMENT CAMERA 
for 


PHOTOMICROGRAPHY 


TREATMENT 


Capacity for case-hardening is now 
available in the most modern heat- 
treatment plant in London 


Gas or pack carburising with full 
x metallurgical control over all operations 
Versatility 
Gleason quenching press equipment 
x for pieces up to 36 in. dia., plus wide * Speed 
experience in the control of distortions 


* Quality 


| 
\ 

10 ft. dia. with latest electronically 


controlled equipment R. & J. BECK LTD 


69/71 MORTIMER ST - LONDON W.1 
ENGINEERING COMPANY LIMITED sminent for more than a century 
HYTHE ROAD, WILLESDEN, N.W.10 
Tel. : LADbroke 3622-3-4-5-6 


x Flame-hardening of gears up to 


4P79 


FOR ALL TYPES OF 


THOMAS HEAT TREATMENT 


CONSULT 


ANDREWS ABBEY HEAT TREATMENTS LTD. 


(A.1.D., Min. of Supply and other Gove. Depts.) 


PLAZA WORKS, MERTON HIGH STREET 
HIGH-GRADE STEEL MAKERS LONDON, S.W.19 


Phone: CHErrywood 2291/2 


| 
| 
| and COMPANY LIMITED 


We collect and deliver in the London area 


HIGH SPEED STEELS 
“MONARCH” 


““HARDENITE” | Chemical Analyses 


sé ” { CARBON TOOL STEEL for 
HELVE \ CHISELS, PUNCHES, &c. of Ferrous and Non-Ferrous 


Metals and alloys, ores, 
slags, minerals, etc. 


ROYDS WORKS AND | 
HARDENITE STEEL WORKS Prompt service by 
THE YORKSHIRE 

Export Department | 
THE HARDENITE STEEL COMPANY LIMITED TESTING WORKS Ltd. 
Telephone Telegrams Established 1910 
SHEFFELD 22131 SHAFTING, SHEFFIELD, 4 SUFFOLK HOUSE, SUFFOLK ROAD, SHEFFIELD 2 
} Phone: 25804. 
Grams: Retort, Sheffield 2. 
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35 mm. or plates 
| 


This horizontal rectangular muffle is ideal for such 
purposes as incineration, burning off precipitates, and the heat- 


a treatment of small samples of metal. The proportions have been 
Unrivalled fixed after careful examination of such laboratory needs. Precise 
temperature control is ensured by a hand-operated energy regu- 

lator type controller. Maximum recommended 

temperature—1,000 C (1832°F). 


© 
experience Wild-Barfield’s great 
experience ensures 
pertect performance 
and a long trouble 


in making details 


LABORATORY 
MUFFLES 


FOR ALL HEAT-TREATMENT PURPOSES 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 26091(8 lines) 
WwBM30 


MECHANICAL WORLD 


MONOGRAPHS 


| No. Title Net price By post 
1 Chart Aids to Management . . 26 28 

_ 3 The Calculation of Convective 

2- 2/2 


Heat Flow . . 

5 Checking Spur Gear Teeth . 1- 1/2 

6 Gas Charts for Steam Boilers 1- 1/2 

9 Brazing . ‘ 2- 2/2 

10 The Principles of SILICON MANGANESE ALUMINIUM 
Heat Treatment % 36 38 


Fire Engineering Hydraulics 1/- 12 NICKEL e BORON e TITANIUM 


13 Industrial Electrical Instru- 


ments... CHROMIUM e RUTILE COPPER 


14. The mate of Small Articles 1- 1/2 
18 A Cost Finding Chart f ; 
26 28 Since 1869 Blackwells have been recognised 
| 20 The Reynolds . 12 pioneers in Metallurgical development. 
23. Installation and Care of Elec: Their Technical Advisory service is unique, 


trical Power Plant... 36 38 
and your enquiries on your particular problems 


EM MOTT & CO LTD are invited. Get in touch today with :— 


London ; 158 Temple Chambers, Temple Avenue, E.C.4 Dept. 10, Thermeta!l House, Garston, Liverpool! If 
| M.1 "Phone: Garston 980 "Groms: Blockwell,”” Liverpool 
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CLASSIFIED ADVERTISEMENTS 


Classified Advertisements are inserted at the 
rate of 2/6 per line 


SITUATIONS VACANT 
CENTRAL ELECTRICITY 
GENERATING BOARD 
EAST MIDLANDS DIVISION 
GENERAL ASSISTANT ENGINEER 
(METALLURGIST) 
GENERATION DEPARTMENT, 
DivisionAL HEADQUARTERS 
Vacancy No. 188/59 

The appointment will involve labora- 
tory examinations in connection with 
operational plant problems. 

Applicants should have had previous 
laboratory experience and should prefer- 
ably hold the Higher National Certificate 
in Metallurgy. 

Salary will be in accordance with 
Schedule B, Class AX/EX, Grade 9 
(£570-£725 per annum) of the National 
Joint Board Agreement. 

Closing date for receipt of applications 
November 14th, 1959. 

Applications should be submitted on 
the official form AE6/ACT which may be 
obtained from the Divisional Establish- 
ments Officer, Central Electricity Cenera- 
ting Board, East Midlands Division, P.O. 
Box 25, Barker Gate, Nottingham, and 
should be returned to the undersigned by 
the date stated. Please quote vacancy 
number. 


WOODS, 
Divisional Controller. 
October 2ist, 1959. 


ASSISTA NT METALLURGIST required 

for company producing special steels 
and having expanding interests. Mini- 
mum qualification A.Met. or A.I.M. Age 
up to 35 years. Experience of stainless, 
heat and creep resisting steels desirable. 
Apply, giving qualifications, experience 


and salary required to the Secretary, 
Samuel Osborn & Co. Ltd., P.O. Box 
No. 1, Sheffield. 


UNIVERSITY OF QUEENSLAND 
LECTURER IN PHYSICAL 
METALLURGY 
Applications are invited for the above 
position. Applicants should possess a 
degree (preferably an Honours or a higher 
degree) in Metallurgy or an equivalent 
qualification from a recognised University 
or University School of Mines ; experience 
in Physical Metallurgy in industry or 
university work and/or evidence’ of 
research ability is essential ; 
experience in lecturing would be desirable. 
Salary £41,540/£A2,040 p.a. 
Further particulars and application 
forms may be obtained from the Secretary, 
Association of Universities of the British 
Commonwealth, 36, Gordon Square, 
London, W.C.1. 


some 


SITUATIONS VACANT~—continued 


THE MOND NICKEL COMPANY 
LIMITED 
DEVELOPMENT AND RESEARCH DerEPART- 
MENT LABORATORY, BIRMINGHAM 
STEEL RESEARCH 

Resulting from the continuous expan- 
sion in the fields of application for alloy 
steels containing nickel, an immediate 
vacancy exists for a metallurgist to work 
in the Steel Section of this large and 
comprehensive Laboratory. This Section 
is responsible for the development and 
evaluation of new and improved low-alloy 
and stainless steels with particular em- 
phasis on the influence of composition, 
including trace elements, on the mechani 
cal propert ies of steels for aw ide variety 
of applications. The post carries responsi- 
bility for the planning and conduct of 
research which is backed by the most 
modern and complete facilities. Publica- 
tion of results is encouraged. 

Preference will be given to candidates 
possessing an honours degree, or alterna- 
tively to those of proved experience and 
initiative. 


Salary will be appropriate to the 
responsibilities of the post and to the 
qualifications and experience of the 


successful candidate. Pension and assur- 
ance are in operation and, in 
appropriate Cases, assistance can be given 
for housing. Applications, which will be 
treated in confidence, should give details 
of age, qualifications. experience and 
salary required. They should be addressed 
to The General Manager, Development 
and Research Department, The Mond 
Nickel Company Limited, Thames House, 
Millbank, London, S.W.1. Please mark 
envelope * Confidential L.7!.” 
SENIOR SALES ENGINEER. Well 

known Midland engineering company 
require a Senior Executive Engineer to 
manage division specialising in sales and 
manufacture of steelworks plant including 
furnaces. Candidate should have intimate 
knowledge of rolling mill practice and 
secondary processes such as annealing, 
metal cleaning, ete. Sound knowledge of 
ferrous metallurgy a considerable advan- 
tage. Commencing salary in accordance 
with qualifications and experience but not 
than £2,000, Applications to Box 
MM.70, 31, King 
West, Manchester, 3. 


schemes 


less 
No. 
Street 


SITUATIONS VACANT continued 


NATIONAL COAL BOARD 
WESTERN DIVISION 
SCIENTIFIC DEPARTMENT 
Male Laboratory Assistant (Metallurgi 
cal) required at the Central Laboratory, 
Shade House. Bolton Road, Pendlebury. 
Manchester. Salary £505 £20 

£665. 

Applicants should possess not less than 
the Ordinary National Certificate in 
Metallurgy or Chemistry and experience 
in a Metallurgical or Mechanical Testing 
Laboratory would be an advantage. 

Applications stating age, education, 
qualifications, experience, present post 
and salary should be forwarded to the 
Divisional Chief Staff Officer, 40, Portland 
Street, Manchester, 1, within 7 days. 

MIDDLESEX COUNTY COUNCIL 

EDUCATION COMMITTEE 

BrRuNEL COLLEGE OF TECHNOLOGY 

Woodlands Avenue, Acton, W.3 
DEPARTMENT OF CHEMISTRY 
METALLURGY DIVISION 
Required January Ist, 1960. 
LECTURER IN METALLURGY 

Duties will include the teaching of 
Metallurgy up to Associateship standard. 

Courses include the Diploma in Tech 
nology in Metallurgy and part-time day 
courses for the Licentiateship and Asso- 
ciateship Examinations of the Institution 
of Metallurgists and the Higher National 
Certificate in Metallurgy. 


scale 


The work also includes metallurgy for 
various Engineering courses ; Diploma in 
Technology (Eng.); Eng. and 


Higher National Diploma. 

Candidates should hold a good 
degree or equivalent qualification in 
Metallurgy and have appropriate indus- 
trial and /or teaching experience. Oppor- 
tunity for research will be afforded. 

SaLary (Men): £1,370 £35 —£1.550 

plus London Allowance £38 £51. 

Applicants already receiving salaries 
above the minimum of the scale may be 
granted increments in respect of industrial, 
commercial or professional experience or 
research work. 

Further particulars and forms of 
application from the Principal (s.a.e.), to 
whom completed applications must be 
returned within 14 days. 

C. E. GURR, M.Sc., Ph.D., 

Secretary to the Education Committee. 


honours 


expansion creates new opportunities for 


INDUSTRIAL CHEMISTS AND METALLURGISTS 
Here is the variety of choice 
% Deep Drawn Press Work %* Physical Testing 


Applications close on November 30th, 
1959 


PERMANENT POST available in our 


Organisation for a TECHNICAL 
SALES EXECUTIVE preferably having *& Heat Treatment * Plating 
corporate membership of recognised En- % Iron and Steel % Refractory Materials for Foundry 
gineering Institutions. Good knowledge % Lubricants Moulding 
of oil and gas fired furnaces in lron and : P 
Steel Industries, &e., with particular * Metallography * Rubber and Plastics 
reference to the ancillary equipment. * Paint * Welding 


Successful applicant will be located in 
London to co-ordinate sales activities and 
give assistance to area’ Representatives 
throughout Britain. Salary in accordance 
with age and qualifications Lut not less 
than £1,750 per annum. Car provided. 
Our own staff have been advised of this 
advertisement. Write : Box MM.69, 
MeratiurGia, 31, King Street West, 
Manchester, 3. 


Have you sound experience and good qualifications in any of these ? If so, it is 
surely worth while to apply for a secure and well paid post. 
Write in confidence to :- 
MR. V. W. WILLIAMS 
TRAINING AND RECRUITMENT DEPARTMENT 
FORD MOTOR COMPANY LIMITED DAGENHAM 
Quoting reference LCM. 


ESSEX 
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CLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT continued SITUATIONS VACANT | continued 
GILLETTE INDUSTRIES LIMITED, 
Isleworth, Middlesex, 
require 
a Qualified Metallurgist. 

The successful candidate will be between METALLURGICAL ASSISTANT 
23 and 30 years of age and will have had 
some experience of the metallurgy of Northern Rhodesia 
ferrous and non-ferrous metals, with 
further experience in operations such as 
hot-stamping, pressing, machining and 


Large copper mine in Northern Rhodesia has a vacancy for a Metallurgical 
Assistant in its Electrolytic Refinery and Casting Plant producing refined 


general allied engineering processes. His copper shapes. 

a duties will involve the investigation of Applicants should be preferably under 30 and must hold a degree in 
problems arising out of current manu- metallurgy, chemical engineering, science or, alternatively, an Associateship 
facturing methods and the quality control of The Institution of Metallurgists. Experience of non-ferrous metal extraction 
f raw materials such as blade strip, rod and refining processes would be an advantage. 
and strip brass and aluminium. The commencing basic salary will be not less than £1,100 p.a. plus a 

Salary will be dependent upon age, variable cost-of-living allowance, at present £67 p.a. The successful applicant 
qualifications, and experience. Fringe will also participate in a generous Pension and Life Assurance Scheme and 
benefits include a non-contributory pen in the “ Metal’ Bonus, which is currently paying 36%, of basic salary. 
sion scheme and free life insurance for Annual leave, which may be accumulated for three years, accrues at 41 days 
married men. ; ra . per annum, rising to 48 days when salary exceeds £1,140 p.a. 

Applications in writing, which will be An excellent medical scheme, Share Purchase Plan and other employee 


treated in strictest confidence, should give 
full details of age, education, experience 
and present salary, and should be ad- 
dressed to the Personnel Controller, 
quoting reference EAS/114. 


benefits are available. Single or married accommodation, with basic furniture, 
is provided at nominal rental. 

The climate is pleasant (the mine being situated at an altitude of over 4,000 feet) 
and there are extensive sporting and recreational facilities. 

Applications, which should include full personal particulars and details of 


METALLURGIST as an Assistant to the qualifications and experience, together with a recent photograph, to be 
Chief Metallurgist. The work will be forwarded to: 
connected with the welding of ferrous and MINE EMPLOYMENT DEPARTMENT 


non-ferrous alloys, corrosion and general 
metallurgical problems encountered in the SELECTION TRUST LIMITED, 

manufacture of plant and equipment for MASON’S AVENUE, COLEMAN STREET, LONDON, E.C.2 
the iron and steel, chemical, petroleum and Please quote R.24 M. 

gas industries. The company also pro- 

duces castings in Meehanite and high 

ductile iron. Applicants with a Hons. 

Degree or equivalent in Metallurgy should | 
apply to Staff Personnel Manager, Ash- 


more Benson, Pease & Co., Stockton-on- 
Tees. CANADA 
MINISTRY OF SUPPLY — requires Canada’s largest fully integrated steel plant requires graduates in Metallurgy 
TECHNICIAN at the Aeronautical for both primary and finishing operations, for process control, and develop 
] Inspection Dept., Harefield, Middx., to ment work. 
fn assist in the metallographic investigation Experience in steel industry preferable but not 
of defects and failures. Quals., Recog essential. 
nised engineering apprenticeship or sult: Two-year contract leading to permanent employment. 
able training, followed by several vears in Work location Hamilton, Ontario, or Montreal, Quebec. 
a metallurgical laboratory. Experience Pension and Family Hospital Plan. 
in the metallography of either high quality Passage assisted. _ 
steels or aluminium alloys. Possession of Applicants should have at least H.N.C. or equivalent 
O.NC., C. & G. Final Certificates, or and be between 25 and 35 years of age. 
equiv. desirable. Salary, £900 (age 30) Address applications to : 
£1,065 p.a. Application forms from The Steel Company of Canada, Ltd., 
' Manager (P.E.2051), M.O.L. & NS., C/o Mr. A. H. Robertson, 4, Broad Street Place, London, E.C.2. 
j Professional and Executive Register, 
| Atlantic House, Farringdon St., London, 
E.C.4. 
BERYLLIUM RADIO-ACTIVE METALS 
Vacuum Casting, Melting and Casting 
Powder Metallurgy, Techniques. 


Fabrication, Join'ng. 


METALLURGY 
RESEARCH DEVELOPMENT 


Scientists with Ph.D or Salary Apply for forms and details :- 
good honours degree £675 £1,450. 

required to lead small Senior Recruitment Officer, 
research teams. First class Housing -W.R.E. 

facilities available. Publication Aldermaston, 

of results encouraged. Superannuation Berks, 


Quoting ref. 2430/126 
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CLASSIFIED ADVERTISEMENTS 


SITUATIONS VACANT. continued _ 


IPSWICH EDUCATION COMMITTEE 
CIVIC COLLEGE 
Principal : 
F. Metcatre, B.Sc.(Eng.) Hons., 
M.1I.Mech.E. 


Lecturer required on January Ist, 1960 | 


to teach metallurgical subjects to L.I.M. 
standard and to specialise in the first 
instance in Physical Metallurgy and 
extraction subjects to H.N.C. (Metallurgy) 
students and general Metallurgy to H.N.C. 
(Engineering) students. Ability to super- 
vise Foundey Practice and Technology an 


advantage. Facilities available for 
research, 
Salary in accordance with Burnham 


Technical Report, 1959, with additions to 
seale for degree, training and industrial 
experience, as appropriate. 

Forms (returnable by October Ist) and 
further details may be obtained from the 
Principal, Civic College, Rope Walk, 
Ipswich. 

T. HILL, 
Chief Education Officer. 


WEST MIDLANDS GAS BOARD 
INDUSTRIAL DEPARTMENT 
Vacancy for 
TECHNICAL ASSISTANT 
(METALLURGIST) 


Candidates should possess a Higher 
National Certificate or be a Licentiate of 
the Institute of Metallurgists and have had 
experience of control of heat treatment 
plant in the engineering industry. The 
post is located in Birmingham. 

The salary will be within the range of 
Grades APT 8-9 (£773-£927 per annum) 
of the National Salary Scales for Gas 
Staffs. 

The post is pensionable and the success- 
ful candidates may be required to pass a 
medical examination. 

Applications, stating age, qualifications 
and experience, together with the names 


APPLIC ATIONS are invited for 
CHEMISTRY AND 


LABORATORIES, 
(a) METALLURGIST 


canning materials for nuclear 
honours degree 


physical metallurgy is desirable. 


and nuclear stations. 


metallurgy or engineering ; 


power 


duties and responsibilities. 


CENTRAL ELECTRICITY 
GENERATING BOARD 


RESEARCH AND DEVELOPMENT DEPARTMENT 


METALLURGY SECTION 
LEATHERHEAD, 
to work on problems associated with fuels and 
power 
or equivalent qualification in metallurgy ; 


(6) METALLURGIST or ENGINEER to carry out investigations involving 
high temperature creep and tensile testing of metals used in conventional 
Candidates 
experience in creep and mechanical testing would 
be an advantage but applicants without this experience will be considered. 

Salaries will be on scales within a range rising to £1,300 p.a. according to 


Applications stating age, qualifications, experience, present 
position and salary should be forwarded to the Personnel Officer, 
24 30, Holborn, London, E.C.1, 
should be marked ‘* Confidential Ref. ME 356.”’ 


the following appointments in the 


of the RESEARCH 
SURREY : 


Candidates must have an 
experience in 


stations. 


must at least hold H.N.C. in 


as soon as possible. Envelopes 


"SITUATION WANTED 
MET AL L U RG IST (42), eine, ex- 
perienced in laboratory and works 
control of ferrous and non-ferrous foun- 
dries, heat treatment, deep drawing and 


compressing, machining, and metal finish- 
Box 


ing, etc., desires new appointment. 

No. MM.71, 31, King 

Street West, Manchester, 3. 
METALLOGRAPHIC 


MOUNTING MEDIUM 


a. P. Mounting Plastic, a cold-curing 
acrylic resin, permits the rapid mount- 
ing of metallographic specimens without 
the aid of heat or pressure. 
It calls for the minimum of equipment 
and skilled attention and yet gives a 


EDUCATION 
DERBY AND DISTRICT COLLEGE 
OF TECHNOLOGY 
Kedleston Road, Derby 
Principal 
T. HEAP, PH.p., M.SC., F.R.I.C., A.M.B.1.M. 


DEPARTMENT OF CHEMISTRY 
in collaboration with the 
BRITISH CAST LRON 

RESEARCH ASSOCIATION 
Special Course of eight lectures 
on 
SOME METALLURGICAL 
OF 
IRON FOUNDRY 
on 
Wednesdays, 7 


ASPECTS 
TECHNOLOGY 


to p.m. 


of two referees, should be addressed se the close, tight mount, capable of a high Commencing Wedne sday, January 13th, 
Industrial Relations Officer, West Mid- degree of edge preparation. L960. 
lands Gas Board, 6, Augustus Road, Used routinely by many leading manu- Apply to the 
Edgbaston, Birmingham, 15. facturers. Full details on request to the Course Organiser : 

J. SWAN, makers: NORTH HILL PLASTICS, LTD. M. McIntyre, B.Sc., A.1.M. 

Secretary to the Board. MANLEY COURT, LONDON,  N.16. Fee, three guineas. pom 
Abbey Heat Treatments, Ltd. 58 E.N.V. Engineering Co., Ltd. ; 58 Pickford, Holland & Co., Ltd. ..  ..) 35 
Allen, Edgar, & Co., Ltd. .. «+ 38 Firth, Thomas & John Brown, Ltd. } Priest Furnaces, Ltd. << 15 
Andrews, Thomas, & Co., Ltd... .. 58 Fletcher Miller, Ltd... 40 Siemens-Schuckert (G.B.), Ltd. 
Baldwin Instruments 32 Franklin Furnace Co. Ltd. 40 Sintering & Brazing Furnaces, Ltd. 56 
Beck, R. & J., Ltd. ..  .. $8 Fuel Furnaces, Ltd. Inside Front Cover Stein & Atkinson, Ltd... $ 
Birkett, Billington, & Newton, Ltd. . 52 Furnace Construction Co. Ltd. 54 Stein, J. G., & Co., Ltd. 3 
Birlec, Ltd. i 2, 29 Gas Council. 22.93 Sterling Furnaces, Ltd. ih 
Blackwells Metallurgic val Works, L td. 59 G.W.B. Furnaces, L td.. 8, 9 Stillite Products, Ltd. 17 
Bolton, Thomas & Sons, Ltd. 57 Hall & s’ickles, Ltd. ‘ 47 Stordy Engineering, Ltd. he 
Bradley & Foster, Ltd. 18 High Speed Steel Alloys, L Ms ok Telegraph Construction and = Main- 
Brayshaw Furnaces, Ltd. . 27 Holroyd, John & Co., Ltd. Back Cover tenance Engrs., Ltd... 55 
British Acheson Electrodes, L td. 39 Ilford, Ltd. .. 13 Thermal Syndicate, Ltd. 26 A) 
British Aluminium Ltd. Imperial Chemical 45 Thermic Equipment & Engg. Co., 
British Driver Harris Co, Ltd. .. 7 Incandescent Heat Co. Ltd. 34 Ltd. 24 
British Electrical Development Assoc. 48 Integra, Leeds & Northrup, Ltd. 49 Wellman Smith Owen Eng. Corpn., 
British Electrical Repairs, Ltd... .. 53 5. tat 44 
Carborundum Co, Ltd. Led. Inside Back Cover Wiggin, Henry, , Ltd. & 
Consett Iron Co. Ltd. .. 30 Kent, George, Ltd. 51 Wild-Barfield Elec tric Furnaces, Ltd. 
Cronite Foundry, Ltd. .. - ++ 37 Kingscliffe Insulating Products, Ltd. 26 12, 21, 59 
Dowson & Mason Gas Plant Co. Ltd. 55 Lucas Furnaces. Ltd. 19 West Midland Gas Board 25 
Dunford & Elliott (Sheffield), Ltd. 0) Metropolitan. Vickers Electric eal L td. 3, Williams J. Ltd. 
Electric Resistance Furnace Co. Ltd. 16, Morgan Refractories, Ltd. 10 Yorkshire Testing Works, L td. 58 
Emmott & Co., Ltd 56, 59| Newton Chambers & Co., Ltd. 41 Zine Alloy Rust Proofing Co. Ltd. 57 
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GAS BLAST COMBINED FORGE AND 
BRAZING HEARTH 


Complete with Motor Driven Positive Air Blower, two Gas 
Blast Blow Pipes and one Gas Blast Burner. Suitable for Tube 
bending up to | in. diameter. 


Size of Hearth, 20 in. x 20in. x 4in. 


Gas Consumption, 200 cu. ft. per hour maximum. 


Manufactured by 


7, HOLYROOD STREET - 


NATURAL DRAUGHT GAS FIRED SALT 
BATH SUITABLE FOR CYANIDE OR 
NEUTRAL SALTS 


Suitable for temperatures up to 900° C. 


Obtainable in the following sizes : 
8 in. dia. x Bin. deep, gas consumption 300 cu. ft. /hr. 
8 in. dia. x 10 in. deep, gas consumption 350 cu. ft. /hr. 
10 in. dia. x 12 in. deep, gas consumption 400 cu. ft. /hr. 


Time to heat hours. 


L 


BERMONDSEY LONDON, S.E.! 
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